WILSON ORNITHOLOGICAL cLus 


THE 


CONDOR 


Volume 59 November-December, 1957 Number 6 


\ 


v 


— 
= 
— 
SS 
SS 
SSS 
———SSSS= 
SSS 
SSS 


Y 


JOURNAL OF THE COOPER ORNITHOLOGICAL SOCIETY 








THE CONDOR 


JOURNAL OF THE COOPER ORNITHOLOGICAL SOCIETY 


Published bi-monthly at Berkeley, California. Entered as second-class matter at the post office at Berkeley, California, 
pay 15, 1925, under act J Congress of March 3, 1879. Issued from the office of THE CONDOR, Museum of Vertebrate 


» Berkeley 4, 
MANUSCRIPTS 


Send manuscripts for publication to the Editer, ALDEN H, MILLER, Museum of Vertebrate Zoology, Berkeley 4 
California, or to the Associate Editor, FRANK A. PITELKA, same address. Refer to on preparation of 
manuscripts for THE CONDOR on the back cover of recent issues of the journal. 


SUBSCRIPTION RATES 
Subscription price to non-members, five dollars per volume, payable in advance. Single copies, one dollar each. 


MEMBERSHIP DUES 


Regular members, four dollars per year in the United States, of which three dollars are for a year’s subscription to 
The Condor; four dollars and twenty-five cents per year in all other countries in the International Postal Union. 


Sustaining members, five dollars per year. 


T’. life membership fee is one hundred dollars. No additional dues are required. The money is invested and the interest 
only is vsed for lety publications, Life members receive THE CO) R without tional charge. Concerning 
memberships, address Cc . DUFF, 2911 Antelo View Drive, Los Angeles 24, California. 


Send dues, subscriptions and notices of change of address to JACK C. VON BLOEKER, Los Angeles City College, 
855 N. Vermont Ave, Los Angeles 29, California. , m . 


Send orders for back numbers of THE CONDOR and the PACIFIC COAST AVIFAUNA series to THOMAS R. 
HOWELL, Department of Zoology, University of California, Los Angeles 24, California. 








Issued November 27, 1957 


CONTENTS 

PAGE 
The Cave Swallow in Texas.................. pereaiisecnpenne ...Robert K. Selander and James Kenneth Baker 345 
Diurnal Cycles in Liver Weights in Birds........................ cesses arvey I, Fisher and Lawrence M. Bartlett 364 
An Analysis of Avifaunas in the Teton Mountains and Jackson Hole, Wyoming..........................George William Salt 373 
Avian Anatomy and the Anatomist.......................:cscscccssssssssesssesesscesseerseensnsnenenees sissies sasapssikessmiacs las existance ee 

FROM FIELD AND STUDY 
Communal Roosting of the Pygmy Nuthatch.......... piagidans ne ninisnttnsaliennieinineiianid ia Sie 
Southernmost Record of the Blue-winged Teal................. arene Rodolfo Escalante and Enrique Gémez Haedo 398 
Nest of the Galapagos Penguin........................-...000000 ee, 
Common Grackle in Utah............ sain ska Ditton cascssttidedetcevsivodienonnadsdakesstedacedigpcesoconsie ostream ne! aE) 
Cattle Egret in Costa Rica............ Sesiat etna sclto\BRaS cnc odieoecalco pounce dca aes aa io manua neta Piiase Serco Paul Slud 400 
eee aavOnnnEN TOU RIO AUTEUR ' MUR UIOIIINIUIR,......<0secsesmened sovosevsssasoeseeasonsnoraenonscensseiess secteesooenionss James R. Stewart 400 
Pigeon Wing-beats Synchronized with Breathing.........................+. Jack T. Tomlinson and Robert S. McKinnon 401 
A Western Representative of the Rufous-sided Towhee Collected in New Jersey...................cccccccose James Baird 401 
Pale Ouzel Nesting in Korea....................sccscscsesccesesceseee shabacecatscscankeiesbsieucenait are icmictaaaaeada Chester M. Fennell 402 
Another Record of the Shearwater Pufinus puffinus mewelli..............2.2.cccccc0ccceceeeeceseeeeserereeereeeceeeee S. Dillon Ripley 402 
NN I alias ss cccasicnsans eccscoseanunk glad covers sesagistwonipoviasvapnedioseestidoeed wbbalaes ceased denionaaessiaduideetpalba Bective: Se 
LU UI II ION MID ssn ck es cescescreonineovesonansicoccocrevonsvevescsnseeseseeesonestveosnac® acceso vhantecoconees sainapeincceainenctvoreviss (MD 
UN case ncs canons np sissvsodsncsidasentvenis tedocsonébnsaes sshiehnince<oesnesnsnceeivencovsbedetanetnetrs issvekcanahs : 


INDEX TO VOLUME S59.................. eran Lagessecontlea pleas oat woeteonhtoneicoke Daina bgieiiaiateveebenaaad Sylvia L. Thomssen 405 








THE CONDOR 


VOLUME 59 NOVEMBER-DECEMBER, 1957 NUMBER 6 


THE CAVE SWALLOW IN TEXAS 
By ROBERT K. SELANDER and JAMES KENNETH BAKER 


Among the group of birds of tropical and subtropical distribution that reach their 
northern limits in the southwestern United States, the Cave Swallow (Petrochelidon 
fulva) is of special interest since it nests colonially in caves. It was first reported in the 
United States by Scott (1890), who collected two vagrants of the Cuban and Isle of 
Pines race, P. f. “cavicola” (= coronata, fide Hellmayr, 1934:34), on Garden Key, Dry 
Tortugas, Florida, on March 22 and 25, 1890. Twenty years later Bishop (1910:4 ~9) 
reported specimens obtained in Kerrville, Kerr County, Texas, which he referred to 
P. f. pallida, a race described by Nelson (1902:211) from Saltillo, Coahuila, México. 
That the Cave Swallow breeds in Texas was established in 1915 by Thayer’s report of 
nests and eggs collected near Japonica, Kerr County. A year later the existence of “sev- 
eral isolated colonies” six miles west of Ingram, Kerr County, was announced by Smith 
(1916:191). Recently an extension of known breeding range to <ddy County, New 
Mexico, was reported (Kincaid and Prasil, 1956:452), and the existence of a colony in 
Edwards County, Texas, was briefly noted (Wolfe, 1956:50, and Pettingill, 1957:32). 
With the exception of these reports, a record of two individuals seen on the Tortugas 
in June, 1915 (Hull, 1939:24), and a description of a ceratophyllid flea from nests in 
Uvalde County, Texas (Eads, 1956:73—76), no further accounts of the Cave Swallow 
in the United States have been forthcoming in the 41 years since Smith’s report. It there- 
fore seems desirable to present additional information concerning variation, distribu- 
tion, and ecology of this species in Texas. 
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DISTRIBUTION 


The Cave Swallow breeds in the Greater Antilles from Puerto Rico west to the Do- 
minican Republic, Haiti, Jamaica, Cuba, and the Isle of Pines; the Cuban and Isle of 
Pines swallows are recognized as a separate race, P. f. coronata. On the continent the 
species breeds in Yucatan (P. f. citata) and in central Chiapas (subspecies? ; see Ama- 
don and Eckelberry, 1955:75) and, as P. f. pallida, in Eddy County, southeastern New 
Mexico, in central Texas, and in northeastern México, where it is known from three 
localities in Coahuila (Saltillo, Sabinas, Monclova) and one in Tamaulipas (Miqui- 
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huana). According to Hellmayr (1934:35) the Peruvian and Ecuadorian swallow 
rufocollaris is conspecific with P. fulva. 

In Texas nesting of this colonial swallow is confined to limestone caves along the 
southern edge of the Edwards Plateau, a massive upland extending over much of the 
central and southwestern parts of the state. On the south and east the plateau descends 
to the low flatlands of Texas over the maturely eroded Balcones Escarpment, which 
decreases in height from 1500 feet at Del Rio near the Rio Grande to less than 100 feet 
north of Austin. Along the escarpment, where thick strata of limestone are exposed and 
highly dissected, numerous springs and caves occur, the latter ranging in size from small 
pits or shelters to gigantic cavern systems. Several of the larger springs are sources of 
rivers which flow to the lowlands. 

The most widespread plant association of the dissected southern and southeastern 
parts of the plateau is a scrub forest of Mexican cedar (Juniperus mexicana), Texas 
oak (Quercus texana), and stunted live oak (Quercus virginiana). Extensive areas have 
been cleared and converted to grassland or savannah by cattle ranchers. The climate of 
this region is semiarid-mesothermal, with average annual potential evapotranspiration 
of 39.27 inches (Thornthwaite, 1948). 

The distribution of breeding colonies of the Cave Swallow in Texas is shown in 
figure 1. Many, perhaps most, of the larger caves east of the Pecos River in western 
Val Verde County and west of Kerrville, Kerr County, are inhabited by these swallows. 
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Fig. 1. Distribution of colonies of the Cave Swallow in Texas. Dots represent caves inhabited by 
swallows; circles with diagonal lines, seemingly suitable caves not occupied by swallows; circles, 
caves not investigated but judged as suitable from descriptions in the literature. 1. Abominable 
Sinkhole. 2. Fern Cave. 3. Webb Cave. 4. Rucker Bat Cave and Saltillo Cave. 5. Dunbar Cave. 
6. Whitworth Ranch Cave. 7. Green and Hillcoate caves, Seargeant Ranch. 8. Thurman Cave. 
9. Devil’s Sinkhole. 10. Frio Cave. 11. Johnson Ranch Cave. 12. Wilson Cave. 13. Stower Cave. 
14. Merritt Ranch caves. 15. 6 miles west of Ingram. 16. Kerrville. 
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South of the Balcones Escarpment, which follows a line drawn through central Kinney, 
Uvalde, and Medina counties, no caves of any size are found; and north of Val Verde, 
Edwards, and Kerr counties swallows have not been recorded although several caves are 
present in that part of the plateau. Undoubtedly other colonies will be discovered in 
Texas, but it seems rather unlikely that the breeding range extends much farther east 
or north than indicated by the distribution of colonies shown in figure 1. The most curi- 
ous feature of the distribution of this swallow is that it occurs no farther east than 
Kerrville, since seemingly suitable caves are found in Bexar and other counties along 
the eastern margin of the Edwards Plateau east of Kerr County. 

Special environmental requirements for nesting of the Cave Swallow in Texas in- 
clude (1) a cave providing rather extensive roughened or, preferably, pitted surfaces 
for attachment of nests within the twilight zone and at least four feet above the floor; 
and (2) a source of water for drinking and of mud or mud substitute (guano) for nest 
building either within the cave itself, in which case colonies may inhabit caves far re- 
moved from surface water, or within foraging range, which extends only a few miles 
from the cave. Water for mud may be provided either by seepage within the cave or by 
run-in surface water. Swallows regularly visit ranchers’ open water tanks (ponds) to 
drink and in some instances to obtain mud. Undoubtedly these man-made water sources 
have been important in permitting the swallows to continue breeding in recent years 
within the drought-stricken central Texas region, where naturally occurring surface 
water was practically non-existent over extensive areas, except for a few days each year 
following rains. As a result of its ability to utilize cave walls for nesting and because in 
certain situations it may be independent of surface water, the Cave Swallow is able to 
maintain breeding colonies in arid regions which are uninhabitable to the Cliff Swallow 
(Petrochelidon pyrrhonota). The latter species requires for nesting a protected over- 
hanging cliff or cliff substitute in close proximity to a source of mud (Emlen, 1952:196) 
and, at least in Texas, an extensive meadow, lake, or flood plain over which to forage. 

Within the breeding range of the Cave Swallow in Texas the Cliff Swallow (P. p. 
tachina) also occurs, nesting on limestone cliffs along the major streams. Some of the 
largest colonies of the Cliff Swallow in Texas are in Kerr County along the North Fork 
of the Guadalupe River, for example at Camp Stewart (= Japonica) and at a lake along 
the river six miles west of Camp Stewart, and at Prade Ranch, in Real County along 
the Frio River. Contact between the two species of swallows in Texas is probably an 
uncommon occurrence as a result of their differing ecologic distributions. We have no 
record of the two species associating. The Cave Swallow also is sympatric with the race 
P. p. melanogaster of the Cliff Swallow in Coahuila, as at Saltillo (Burleigh and Lowery, 
1942). 


THE BREEDING COLONIES 


The following is an account of all caves in Texas known by us to be inhabited by 
Cave Swallows. Several of the caves listed are also mentioned by White (1948) in his 
article on the caves of central Texas. 

EDWARDS COUNTY. Devil’s Sinkhole, 10 miles northeast of Rocksprings—This giant 
cave, the largest of its type in the United States, has a sink-type opening 60 feet in 
diameter, which drops 110 feet vertically and widens into a large chamber partly filled 
by a conical mound of rock breakdown 100 feet in height. Swallows nest on the slanting 
roof of the lower chamber 110 or more feet below ground level and high above the sides 
of the rock mound. 

A source of mud for nests is provided by water which seeps from the sides of the 
sink, wetting soil that has accumulated on the narrow limestone ledges and dripping to 
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the mound of rock and guano below. Brown Towhees (Pipilo fuscus) and Tufted Tit- 
mice (Parus bicolor) were seen to enter the sinkhole and forage over moss and lichens 
on the lower ledge of the sink about 100 feet below ground level. A Canyon Wren 
(Catherpes mexicanus), presumably a resident in the sink, foraged on ledges 70 feet 
down. Horned Owls (Bubo virginianus) also nest on ledges in the sink. 

On the morning of September 21, 1956, first indication that swallows were prepar- 
ing to leave the cave was a chorus of chattering calls at 6:10 a.m., given by birds in 





Fig. 2. Entrance to Dunbar Cave, Edwards County. Xeric vegetation shown in 
background is typical of this part of the Edwards Plateau. 


the lower chamber before they entered the sink but clearly audible from ground level. 
Shortly thereafter a compact flock of about 100 birds appeared at the base of the sink, 
executed three rapid ascending spirals, and emerged from the entrance in close forma- 
tion, flying at high speed and calling continuously. Other groups of from 25 to 100 birds 
followed until an estimated total of 500 birds had emerged. Invariably flights were pre- 
ceded by loud choruses of calls, which continued during ascent. In loose formation the 
flocks circled high in the air above the cave and flew toward the east. At 7:30 a.m. a 
loose flock of several hundred swallows appeared high above the cave and descended 
to the entrance in slow spirals. At one point in their descent the birds suddenly gathered 
together in a compact flock as a female Sparrow Hawk (Falco sparverius) passed below 
them, only to separate again when the hawk had passed. As the circling flock passed a 
few feet above the entrance, a few individuals dove into the sink; then suddenly the 











Nov., 1957 CAVE SWALLOWS IN TEXAS 349 


whole flock dropped in. Some birds spiraled down the sink while others dove straight 
down. Many birds left the cave between 8:10 and 8:15 a.m. and again flew eastward. 
Emerging groups spiraled clockwise and counter-clockwise in the sink with about equal 
regularity; ascent of the sink always involved at least three full spirals, but some groups 
performed as many as 20. 

Dunbar Cave, 21 miles west of Rocksprings——The entrance of this cave is a ver- 
tical sink about seven feet in diameter (fig. 2), which penetrates 15 feet of limestone 





Fig. 3. First chamber of Dunbar Cave, Edwards County, taken from floor 30 feet below 
ground level. Note Cave Swallow nests in eroded pockets in the roof and on the walls. 


before opening into an oval chamber approximately 70 feet in diameter and 15 feet in 
height. On the east and west sides of this chamber, passageways lead to other chambers 
of equal or larger size. About 400 swallows were present on September 29, 1956, perched 
on the 250-odd nests in the cave. All of these nests were located in the first chamber 
(see fig. 3). The greatest concentration of nests occurred on walls near the entrance 
sink, but a few were located up to 90 feet from the entrance. None was placed in the 
entrance shaft itself, which was exposed to direct sunlight. 

In Dunbar Cave water seeping from the walls of the sink falls to the guano-covered 
floor of the first chamber, supplying a source of mud for the colony. Guano is produced 
by large numbers of cave bats (Myotis velifer) roosting in the cave, mainly in cham- 
bers other than the first, and by the swallows themselves. 

At about 8 p.m. on September 29, all but 40 or 50 of an estimated population of 400 
swallows left the cave when members of the University of Texas Speleological Society 
entered. The disturbed birds spent the night outside the cave, returning in a flock at 
6:30 a.m. the next day. About 50 birds entered but after circling for an hour the ma- 
jority was again driven away by our activities in and near the cave. Our presence in 
the cave greatly disturbed the birds, which began calling loudly and circled for several 
minutes in close formation and at high speed, just below the entrance, before flying out. 
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Rucker Bat Cave and Saltillo Cave, 35 miles southwest of Rocksprings—On Sep- 
tember 30, 1956, we found nests in crevices and pits in the roof of Bat Cave on the 
Rucker Ranch. This cave receives its name from the large numbers of Mexican free- 
tailed bats (Tadarida mexicana) which roost in a chamber at the rear of the large main 
room. The main chamber is about 100 feet wide, several hundred feet long, and 50 to 60 
feet in height. It opens to the surface through a large arched entrance; all of the main 
chamber is within the twilight zone and much of it is rather well illuminated. No birds 
were present on the day of our visit but to judge from numbers of nests seen, the colony 
is smaller than those at Dunbar Cave and the Devil’s Sinkhole. 

There is evidence that considerable volumes of water accumulate in the cave follow- 
ing rains; possibly the swallows obtain mud within the cave. 

Saltillo Cave is on the Rucker Ranch a few miles from Bat Cave. It opens through 
a sink about 8 feet in diameter which penetrates limestone for about 5 feet to open in 
the ceiling of a large chamber having a floor 45 feet below ground level. Twilight zone 
illumination prevails throughout the cave. On December 2, 1956, Baker estimated that 
1500 nests were located in the cave, mostly on the walls of three domes in the ceiling 
about 40 feet above the floor, and on April 7, 1957, between 2500 and 3000 swallows 
were present. In all probability this is the largest breeding colony of Cave Swallows in 
this country. On the cave floor beneath the domes, piles of bird guano up to 5 feet in 
height have accumulated. One row of about 10 nests apparently had been vandalized by 
a predator, possibly a ring-tailed cat (Bassariscus astutus), which had gained access 
to them by scaling the wall. The lowest nests in the cave were about 10 feet above the 
floor. 

Whitworth Ranch Cave, 20 miles south-southwest of Rocksprings.—A colony of 
swallows is reported to inhabit a big shelter cave on the Whitworth Ranch, within 200 
yards of Dragool Cave. Hettler found 400 birds there in August, 1956. 

Thurman Ranch Cave, 15 to 20 miles south of Rocksprings—On November 24, 
1956, Kyser found approximately 50 nests in pits in the roof of this cave, which opens 
through three sinkholes measuring from 4 to 12 feet in diameter and penetrating 6 feet 
of limestone. Nests were located in the entrance room, a chamber 10 feet high and about 
15 feet wide; the lowest nest was only 4 feet above the floor. 

Hillcoate Cave and Green Cave, Seargeant Ranch on Rocksprings-Bracketville Road 
near Kinney-Edwards county line.—Hillcoate Cave opens through an arch 5 feet high 
and 15 feet wide in the side of a hill. The first chamber is 50 feet high, 100 feet wide, 
and about 500 feet long. About 50 Cave Swallow nests were seen by Baker on January 
30, 1957, all of which were in the twilight zone within 100 feet of the entrance. The 
presence of nests of the Cave Swallow in Hillcoate Cave was first reported to us by 
Kyser, who explored the cave in November, 1956. 

Green Cave is about one mile from Hillcoate Cave and is similar to it in dimensions. 
Baker noted about 50 nests there on January 30, 1957. Both caves on the Seargeant 
Ranch are within a mile of the ranch house, where windmill water tanks are located. 

KINNEY couNTY. Webb Cave, Shahan Ranch, 7 miles north of Bracketville—This 
cave is entered by four sinks, the largest of which is 10 feet in diameter; these pene- 
trate 20 feet of limestone to open into a chamber 30 feet in height. Kyser counted 150 
nests in the cave on December 30, 1956. Water dripping from a hole in the ceiling near 
the entrance forms mud on the floor of the chamber, but several nests examined by 
Kyser were composed of mud which he judged to have been obtained outside the cave. 

UVALDE COUNTY. Frio Cave, Annendale Ranch, 7 miles south of Concan.—This cave, 
one of the largest in Texas, consists of three large and two small chambers. Swallows 
nest on the pitted walls of the oval entrance room which is about 300 by 600 feet in 
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dimensions. Most of the entrance chamber is well lighted by way of two 20-foot chim- 
neys and three arched entrances, total darkness being reached only in the inner 100 feet 
(White, 1948:61). Great hordes of Mexican free-tailed bats roost in the inner chambers. 

VAL VERDE COUNTY. The Abominable Sink, Ab Rose Ranch (“Old Mayfield Ranch’ ), 
15 miles south of Comstock.—A circular entrance sink about 35 feet in diameter pene- 
trates 130 feet of conglomerate and shale to widen into an extensive chamber in lime- 
stone, which is in part filled with breakdown from the sinkhole. Apparently neither swal- 
lows nor bats inhabit the cave at the present time but on January 29, 1957, Baker found 
remnants of six or eight nests under a slab of shale about 120 feet down in the sink. 
There is evidence that the sink connecting the limestone chamber with the surface is 
still enlarging, as Mr. Rose reported that new breakdown had accumulated since his 
last visit. Possibly other nests were destroyed and the colony abandoned when this 
recent breakdown of the sink occurred. 

Fern Cave, Martin Rose Ranch, 20 miles north of Comstock—Fern Cave opens 
through a sink 25 feet in diameter and about 50 feet deep. In a chamber adjoining the 
entrance approximately 100 nests were found by Baker on January 29, 1957, most of 
which were on the sides of three large domes in the ceiling; a few nests were placed on 
walls about 20 feet above the floor of the cave. There is a water tank 200 feet from the 
cave entrance. 

KERR COUNTY. Cave near Japonica (= Camp Stewart )—A nesting colony was found 
in June, 1914, by F. B. Armstrong (Thayer, 1915:102—103). Judging from the descrip- 
tion quoted by Thayer, this cave is similar to the first chamber of Dunbar Cave de- 
scribed elsewhere. The entrance sink is about eight feet in diameter; ten feet down it 
widens into a “spacious chamber,” the floor of which is 50 feet below ground level. 

Six miles west of Ingram.—Smith (1916:191) reported “several isolated colonies’ 
in this area, but unfortunately he failed to describe any of the caves or to fix their loca- 
tion more precisely. 

Goat Shelter Cave and unnamed sinkhole, Johnson Ranch, 30 miles southwest of 
Hunt.—On October 9, 1956, we investigated two nesting sites at this locality reported 
to us by Eads. We found 80 nests in the Goat Shelter, a cave having an oval entrance 
35 feet wide which opens obliquely down into a single chamber about 50 feet in diameter 
and 30 feet in height. Most of the nests were placed on the back wall and on the sides 
of large crevices and pockets in the roof. One nest was in an eroded pocket only 414 
feet above the cave floor. Another was only 15 feet in from the top of the entrance arch, 
in a well lighted part of the cave. 

The second cave on the Johnson Ranch in which swallows nest is an unnamed sink- 
hole with a vertical entrance about 5 feet in diameter. A nest within the cave was visible 
from the ground surface. About 20 feet down the sink reportedly opens into a large 
chamber; we did not investigate the cave further. 

A third cave on the ranch, a single dry chamber 10 feet in diameter and 9 feet in 
height, contained no nests. Apparently this cave is too small to furnish suitable nesting 
sites for a colony; also much of the wall surface is accessible to racoons (Procyon lotor) 
and other predators. 

Wilson Cave, 20 miles southwest of Hunt.—This large shelter cave was visited on 
December 30, 1956. It contained perhaps 50 nests; all these were located in crevices and 
pockets in the walls and ceiling and so situated that direct sunlight did not fall on them. 
We were informed by the owners of the ranch that in the summer swallows regularly 
visit a water tank about two miles from the cave. Among specimens sent to us on loan 
from the U.S. National Museum is a female collected by B. E. Ludeman 20 miles south- 
west of Hunt on August 10, 1937. 


? 
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Stower Cave, 13 miles west of Hunt.—Davis visited Stower Cave in the fall of 1956, 
finding a few nests. The cave is a sinkhole with an entrance 8 feet in diameter. No swal- 
lows were present when Berner visited the cave at noon on April 14, 1957. 

R. R. Merritt Ranch Cave No. 1, 6 miles southwest of Hunt.—This cave is a single 
chamber 25 feet in diameter opening by way of an 8-foot circular sink 35 feet above the 
floor. On December 29, 1956, three nests were found under an overhanging ledge below 
the sink. Two other smaller caves on the Merritt Ranch are not inhabited by swallows. 

Kerrville —It is probable that specimens reported by Bishop (1910:459) as having 
been obtained at Kerrville were collected elsewhere than in the immediate vicinity of the 
town. 


SEASONAL STATUS AND ANNUAL CYCLE 


In Texas the Cave Swallow is a summer resident. Available data suggest that time 
of arrival at the nesting colonies in the spring varies markedly from year to year. Ac- 
cording to a report by Pettingill (1957:32) the species arrives in Edwards County in 
April; in 1955 Eads (personal communication) noted that none was seen at Frio Cave, 
Uvalde County, on March 30, but on April 20 many birds were present. In 1957 swal- 
lows were present in large numbers at the Devil’s Sinkhole and Webb and Frio caves 
as early as February 9; in 1915 Armstrong collected specimens at “Kerrville” on Feb- 
ruary 6, and large series were taken by him in late February and March. 

A fresh egg found on the floor of Frio Cave on April 5, 1957, indicated that laying 
was under way, although none of the nests which we were able to examine contained 
eggs. At Dunbar Cave on April 7, 1957, building and repair of nests was almost com- 
pleted, and the gonads of several specimens collected were in or were approaching breed- 
ing condition. One female had an ovary measuring 8 mm. in diameter and an enlarged 
oviduct; the mate of this bird had testes 11 mm. in length and a conspicuous cloacal 
protuberance (Salt, 1954). The testes of another male were 10 mm. long. Two other 
males had testes 3 and 5 mm. in diameter; probably the latter two are first-year birds. 
Their wing lengths are 106 and 109 mm., whereas wings of the two males with enlarged 
testes measure 111 and 112 mm. Also the coloration of the presumed first-year birds is 
relatively pale. All specimens collected on April 7 were extremely fat; the heaviest bird, 
a male, weighed 25.1 grams. 

In May, 1955, eggs had been layed and a few young were hatched at Frio Cave 
(Eads, 1956:73). Armstrong took 43 eggs from nests in Kerr County on June 7 and 8, 
1914, including two sets of three, eight sets of four, and one set of five (Bent, 1942:489). 
These facts suggest that two broods are raised. The eggs are similar to those of the Cliff 
Swallow, except for slight differences in shape suggested by data given by Bent (doc. cit.). 

In 1956 fall migration took place or at least was completed sometime between Sep- 
tember 30, when hundreds of swallows were present at Dunbar Cave, Edwards County, 
and October 9, when none was found at two nesting sites visited in Kerr County. In this 
period there was a sharp drop in nightly temperatures at Kerrville and in central Texas 
generally. On December 29 and 30, 1956, and January 29 and 30, 1957, swallows were 
not found at several nesting sites visited in Kerr, Val Verde, and Edwards counties. Sev- 
eral ranchers expressed belief that the Cave Swallow may be present throughout the 
winter, at least in small numbers; but other than the impressions of these individuals, 
we have no evidence of the occurrence of the species in Texas during November, De- 
cember, and January. The winter range of the Texas population is unknown; possibly 
the birds move south only as far as northeastern México, but no information seems to be 
available as to whether or not Cave Swallows are present there in the winter months. 

Both adult and juvenal Cave Swallows have a complete molt in the fall. The post- 
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nuptial molt is completed or nearly so prior to migration of the adults. Molt was under 
way in an adult female collected on August 10; primary 1 is new and 2 is one-half grown. 
All 15 adult specimens taken at the Devil’s Sinkhole on September 21, 1956, are in 
advanced stages of molt, as indicated in table 1. We interpret the unusual degree of 
uniformity of molt stage in this sample as an expression of close synchrony of the annual 
cycle in members of a colony. Synchrony of nest building and laying and hatching dates 
in colonies of the Cliff Swallow is discussed by Emlen (1952). 


Table 1 


Molt Stages of Specimens of Petrochelidon fulva pallida Collected at Devil’s Sinkhole, 
Edwards County, on September 21, 1956 


Sex and age Number of primaries molted Number of secondaries molted 
2 3 4 5 6 7 1 2 3 4 5 6 7 
$4 adult 6 4 1 Ss 5 3 
92 adult 3 1 a 4 
6 juv. 1 1 
? juv. 1 1 


Unexpectedly, only two of 25 specimens collected on September 21 and 30 are 
immature, as indicated by an unpillared cranium as well as by the fact that they still 
bear some juvenal feathers. Both immatures are well behind the adults in stage of molt 
(table 1). The age ratio of the sample is subject to several tentative interpretations, one 
of which is that immatures normally migrate or at least desert the colonies before the 
adults. Another possibility is that in 1956 the nesting efforts of the population of the 
Devil’s Sinkhole (from which 18 of the 25 specimens were collected) and, perhaps, of 
that at Dunbar Cave were largely unsuccessful. 


NEST STRUCTURE AND LOCATION 


The form of the nest shell is shown in figure 4. It is a rounded half-cup similar to 
stages III or IV in construction of the familiar retort-shaped nest of the Cliff Swallow 
described by Emlen (1954:23-—24). Wetmore and Swales (1931:321) reported that 
nests of P. f. fulva are sometimes enclosed above, with a small entrance in the side; but 
in none of the thousands of nests of P. f. pallida that we have examined was there any 
evidence of an attempt to roof over the nest by extending the walls of the cup. The wide 
range of variation in nest size shown in figure 4 is characteristic of most colonies vis- 
ited. In large part it results from the use of nests in successive breeding seasons, the 
nests becoming progressively longer and wider as additional layers of pellets are added 
to the rim. The composition of pellets may vary from year to year, with the result that 
older nests often show three or four layers of different colors and textures (see fig. 4A). 
A small nest was 5.1 inches wide at the rim and 3.6 inches long; one of the larger nests 
examined was 7.2 inches wide and 6.2 inches long. Dimensions of most nests fall be- 
tween these extremes. When thoroughly dry the large nest, including shell, lining, and a 
large quantity of detritus in the nest cavity, weighed 970 grams; the small nest weighed 
268 grams. Presumably nests are occupied until the combined weight of the shell and 
the detritus within causes them to fall from the cave walls. 

Although the size of pellets used in construction of the nest shell is similar in P. fulva 
and P. pyrrhonota, the walls are thicker in nests of the former species. In P. fulva the 
thickness (measured between protruding pellets) varies from 1.35 inches (range in 7 
nests, 0.9-1.7) at the rim to 0.86 inches (range, 0.8—1.0) at the base. In P. pyrrhonota 
the thickness varies in different parts of the nest from 0.24 to 0.66 inches, with an aver- 
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Fig. 4. Nesting sites of Cave Swallows in Dunbar Cave. Above, on vertical wall. Below, 
on sides of dome in roof; photograph taken looking up into dome. 


age of about 0.44 inches (Emlen, 1954:21). Pellets from nests collected in Dunbar Cave 
are a mixture of weathered guano, soil, and limestone chips. Nest shells in some other 
colonies apparently are composed entirely of mud. The nest lining is a thin layer of 
cotton-like plant fibers of several types, thin strips of bark, fine grasses, and feathers. 
Much of the nest cup may be filled with a moist mixture of bat guano, old nest lining 
material, bits of eggshell, and fecal pellets of the myriads of insects and other arthropods 
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Fig. 5. Row of nests in eroded pockets up Fig. 6. Nest formed by partly sealing en- 
against ceiling in Dunbar Cave. trance of small pot-hole in limestone wall 
of Dunbar Cave. 


which inhabit this mass of organic material; these include fleas, beetle larvae, and false 
scorpions. In Dunbar Cave, and presumably in other caves as well, the cave bat (Myotis 
velifer) frequently roosts on the roofs of pockets and crevices in which swallow nests 
are located and undoubtedly is a major contributor of guano. Probably it is the filling 
of the nest cup with guano and other organic material which necessitates extension of 
the rim by addition of new layers of pellets. 

Emlen (1952:197) has presented considerable evidence to support his belief that 
the enclosed, retort-shaped nest of the Cliff Swallow “appears to be related to the intense 
localized territorialism of the species, the shell screening the nesting bird from its numer- 
ous close neighbors and thus enhancing social stability in the group.” The enclosed top 
of the nest is regarded by Emlen as a late development in nest ontogeny in swallows, 
and, accordingly, he suggested that colonial nesting in Petrochelidon may have evolved 
recently. 

The fact that the nest of the colonially nesting Cave Swallow is an unroofed struc- 
ture can be reconciled with Emlen’s views, provided location and spacing of nests in 
colonies are considered. It is certainly significant that in colonies of P. fulva we have 
never found large numbers of nests so closely grouped as in typical colonies of P. pyr- 
rhonota (see for example, Emlen, o. cit., fig. 7B). In most caves well over 50 per cent 
of the nests are located singly in small eroded pockets or crevices and are thereby effec- 
tively screened in all directions from neighboring nests. Irregularities in the surface of 
the cave walls determines spacing to some degree, preventing large concentration of nests 
in small areas, but the distribution of nests in all colonies visited clearly reflects a strong 
tendency for birds to build in isolated crevices and pockets or close up under an over- 
hanging roof or ledge. Apparently flat vertical walls-are used only when all other suitable 
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niches are occupied. Typical location of nests in eroded pockets is shown in figures 5 
and 6; spacing of nests on a wall in Dunbar Cave is shown in figure 4. Figure 4 shows 
an unusually heavy concentration of nests on the sides of a large dome in the ceiling of 
this cave. Generally where two nests are in contact the upper one is a large nest that 
has been used for several years and the other, located below, is a small nest more recently 
built. It is unusual to find two nests in contact with the rims on the same level. 

It is pertinent to this discussion of differences in nest structure in species of Petro- 
chelidon to note that P. fulva nests in the twilight zone of caves, where illumination is 
relatively weak. From our observations, it seems probable that if P. fulva were to build 
nests having a roof and small tunnel entrance, it would have considerable difficulty in 
carrying out activities such as feeding the young within the nest and perhaps even in 
locating the nest entrance itself. Hence advantages resulting from the roofing of nests 
might well be outweighed by detrimental effects resulting from insufficient illumination 
in and about the nest. 

Although in the United States the Cave Swallow nests only in caves, it is by no 
means so restricted in some other parts of its range. For example, in the Dominican 
Republic it has been found nesting not only in caves but also in clefts and crevices in 
cliffs, on ledges overhanging the sea, and on an iron bridge across a stream (Wetmore 
and Swales, 1931), situations typically selected by P. pyrrhonota in the United States. 
In Chiapas, México, Amadon and Eckelberry (1955:75-76) found P. fulva nesting 
beneath a portico along the plaza in Chiapa de Corzo and on the cathedral in Tuxtla 
Gutiérrez. We believe it is significant that both are regions in which P. pyrrhonota does 
not breed. The tentative inference is that where the two species are sympatric, as in 
Texas and New Mexico, nesting of P. fulva is restricted to caves by competition with 
P. pyrrhonota. Perhaps the superiority of the latter species stems in large part from its 
ability to establish larger colonies in limited areas of suitable nesting substrate, an abil- 
ity dependent in turn, as suggested by Emlen, on the increased social stability resulting 
from the screening effect of the enclosed nests. 

It is also of interest that in Trans-Pecos Texas, where the Cave Swallow apparently 
is absent, the Cliff Swallow occasionally nests in caves along rivers. 


TAXONOMIC COMMENTS 


There are no differences in color and pattern among specimens from Coahuila, Texas, 
and New Mexico that cannot be accounted for on the basis of individual or seasonal 
variation. Measurements of samples from these regions are presented in table 2; for 
comparison size data for P. f. fulva and P. p. tachina have been included. The large size 
claimed for P. f. pallida by Nelson (1902:211) and Ridgway (1904:56) on the basis of 
six specimens is confirmed by our large series. In color P. f. pallida differs from P. f. fulva 
in having the rufous pigments yellower (less reddish) and paler (less intense), espe- 
cially on the rump, anterior under parts, flanks, and under tail coverts; centrally the 
under tail coverts are brownish gray rather than brown. Nelson (loc. cit.) probably got 
the erroneous impression that the reddish wash “is usually absent along sides of breast 
and body” in P. f. pallida from comparing his worn breeding specimens with fresher- 
plumaged material of P. f. fulva. In the fresh fall series from Texas all specimens show 
a conspicuous cinnamon wash in these areas, although the color is paler (near 7.5 YR 
6/5, Munsell Book of Color) and less extensively distributed on the flanks than in P. f. 
fulva. With wear this wash is lost and the gray and dusky brown bases of the feathers 
of the flanks and breast are exposed, as in Nelson’s material from Coahuila and Tamau- 
lipas and in March and June specimens from Texas. 

Weights of P. f. pallida derived from extremely fat specimens taken on September 21 
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were: 6 6 20.32 (18.4-22.3); % 2 20.55 (20.0-21.1). On September 30 seven specimens 
were captured and held in captivity without food and water for 36 hours. When sacri- 
ficed, they showed little or no subcutaneous fat and averaged 17.1 grams (range, 17.4— 
18.4), showing an average weight loss of 2.7 grams. 

Remnants of dark throat patch in P. fulva.—In 17 (34 per cent) of the 50 speci- 
mens of P. f. pallida examined, from one to seven feathers of the throat and/or anterior 
part of the breast have a terminal blackish brown mark, duplicating in shape and posi- 


Table 2 


Average and Extreme Measurements of Petrochelidon in Millimeters 


Sex No. Wing Tail Bill from base Tarsus 
P. f. pallida 
Texas 3 13-231 109.0 (106-112) 48.42 (47.0-49.9) 8.25 (7.6-8.7) 12.46 (12.1-13.0) 
Q 9 108.7 (104-113) 48.94 (47.8-50.7) 8.19 (7.5-8.5) 12.79 (12.3-13.6) 
New Mexico ¢@+? 3 110.9 (109-112) 49.57 (48.9-50.8) 8.60 (8.5-8.7) 12.57 (12.0-12.8) 
Coahuila? 3 1 107 ae ee 12 
9 5 107.9 (106-110) 48.6 (47.0-49.5) _ ........ 12.1 (12.0-12.5) 
P. f. fulva’ 
Hispaniola 4 8 99.5 (97-103) 41.6 (37.0-44.2) 7.9(7.4-8.3) 12.5 (11.3-14.7) 
2 2 100.5 (100-101) 43.4 (41.5-45.3) 7.9 (7.4-8.3) 12.5 (11.3-14.7) 
P. p. tachina 
Texas 3 18 104.0 (100-107) 46.89 (44.6-49.3) 7.55 (7.2-8.2) 11.81 (11.4-12.4) 
2 9 102.9 (100-105) 46.39 (44.8-49.2) 7.61 (7.0-8.1) 11.60 (11.2-12.1) 


1 13 specimens for wing and tail. 
2 Measurements from Ridgway (1904 
3 Measurements from Wetmore and Santen (1931) 


tion those which form the posterior part of the conspicuous metallic black throat and 
breast patch in P. pyrrhonota. In one female (Texas Nat. Hist. Collection 1264) these 
markings are very prominent, forming a patch 8 millimeters in diameter centrally on the 
breast and throat. In the majority of specimens of P. f. pallida these markings are 
entirely absent. 

Because neither Ridgway (1904) nor other authors have noted the presence of throat 
markings in P. fulva, it was at first thought that their presence in specimens of P. f. 
pallida indicated hybridization with P. p. tachina. However, after examining large series 
of both P. f. pallida and P. p. tachina irom centra) Texas and a sma)) series of P. fulve 
from the Greater Antilles, we now favor a different interpretation. 

Both in P. f. pallida and, to a lesser degree, in P. ~. tachina, the size of the throat 
patch varies individually. By arranging four selected reference specimens of each of the 
two species in order of increasing size and conspicuousness of the throat patch, it was 
possible to demonstrate a gradual transition from the typical unmarked condition in 
P. f. pallida (class 0) to the extreme condition in P. p. tachina (class 7), in which the 
throat and anterior breast are almost solid glossy black (see fig. 7). Individual varia- 
tion in P. p. tachina and in samples of P. f. pallida is shown in table 2, based on class 
scores assigned to adult and first-year specimens. There appears to be no sexual varia- 
tion in this character, although larger samples might reveal slight but statistically sig- 
nificant differences. That relatively more specimens of P. f. pallida show throat markings 
in the sample of September, 1956, than in the sample taken in March and June, 1914, 
is doubtless attributable to the fact that the September birds are in very fresh plumage, 
whereas the others are in moderately worn plumage, which is, in most cases, badly 
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Fig. 7. Variation in throat pattern in Cave Swallows and Cliff Swallows. From left to right, 
four specimens of Petrochelidon fulva pallida (classes 0 to 3) and four of Petrochelidon 
pyrrhonota tachina (classes 4 to 7). 


grease-stained and discolored. For this reason, in specimens collected in 1914, the mark- 
ings are less conspicuous, especially in those having only a few small ones. 

In order to investigate further the possibility that variation in throat pattern results 
from introgressive hybridization, we drew scatter diagrams to test for correlations be- 
tween throat pattern and some other characters in which the two species differ. If recent 
hybridization were involved, correlation of intermediacy of characters would be expected 
in the presumed hybrids (Anderson, 1949). Evidence of correlation with throat pattern 
was found only for wing length in P. f. pallida; it was absent in both species in our com- 
parisons of throat pattern versus (1) color of the forehead, (2) width of the forehead 
crescent, (3) color of the sides of the throat and chin, (4) color of the rump, (5) bill 
length, and (6) tarsal length. No intergradation between the species was noted in char- 
acters 1 through 3, but some overlap in color of the rump and in size occurs. The scatter 
diagram in figure 8 shows a weak correlation between wing length and throat pattern 
in male specimens of P. f. pallida, but not in P. p. tachina, and the absence of correlation 
in specimens of either species as regards throat pattern and tarsal length. 

In P. f. pallida correlation between throat pattern and wing length shown in figure 8 
would be expected if throat markings were more prevalent and the wing averaged slight- 
ly smaller in first-year than in adult individuals. It may be noted that the two immature 
specimens taken in September have newly grown feathers of the throat and anterior 
breast that are conspicuously marked; the male (TNHC 1269) falls in class 2 and the 
female (TNHC 1263) in class 1. Also a juvenal-plumaged specimen from Tamaulipas 
(USNM 158851) has pale dusky brown markings on the throat (class 1). Thus all 
known immature specimens in our series show remnants of a throat patch. 
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Fig. 8. Scatter diagram of males of Petrochelidon from central Texas showing wing and tarsal 
length and throat pattern. Six categories of tarsal length are used; length of line is propor- 
tional to actual tarsal length. See text for further explanation. 


Wing length might be expected to average slightly smaller in first-year than in adult 
individuals even though the postjuvenal molt is complete. Presumably the March and 
June sample of P. f. pallida includes both adult and first-year birds and the September 
sample includes some birds which are undergoing their first postnuptial molt and are 
thus in the process of losing their first-year status. Since wing length in the latter sample 
represents length of old primaries acquired in the previous annual molt (see page 353), 
any differences in length between adult and first-year wings would be as apparent as in 
the March and June sample. The important point is the absence of correlation between 
throat pattern and length of two skeletal parts which are subject to continuous growth 
until adult size is reached, namely bill and tarsal length. Measurements of bill and tarsal 
length of two specimens undergoing postjuvenal molt indicate that these structures reach 
adult size before the molt is completed. In nestling Cliff Swallows studied by Stoner 
(1945:211) in New York, the tarsus reached adult size 12 to 13 days after hatching. 

Considering the evidence presented, we conclude that variation in throat pattern in 
populations of the two species does not result from present-day hybridization. The pos- 
sibility remains that genes determining throat pattern were exchanged through hybrid- 
ization at some time in the past, perhaps when P. pyrrhonota and P. fulva first came 
into secondary contact and before reproductive isolation was complete. But as an alter- 
native explanation we suggest that the remnants of the throat patch present in P. fulva 
may represent vestiges of a character possessed by the common ancestor of the two 
species, which has been retained or further developed in P. pyrrhonota and largely lost 
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Table 3 


Variation in Throat Pattern in Adult and First-year Birds 


Classes of Throat Pattern Per cent with 

Form Date Sac Ne. 0 12345 6 F throat marks 
P. p. tachina May, June, 6 17 6 6-3 100.0 
(Texas) 1914 Q 9 2-3 3 -% 100.0 
P. f. pallida March, June, S43. 406.4° 4.2 4 33.3 
(Texas) 1914 2 9 6 3 33.3 
P. f. pallida September, 5. ap G2. £2 50.0 
(Texas) 1956 , i 7S 24. 4 36.4 
P. f. pallida April, May, Q 4 4 00.0 

(Mexico) 1902 

gw eta $é 4 4 00.0 
(Antilles) S$ 6 42 33.3 


in P. fulva. In any event, they are present, although very weakly indicated, in two of 
the 10 specimens of P. fulva from the Greater Antilles which we have at hand and are 
thus not unique to populations sympatric with P. pyrrhonota (table 3). 

In color and pattern, although apparently not in size, P. p. melanogaster of the cen- 
tral plateau of México and Oaxaca more nearly resembles P. f. pallida than does P. p. 
tachina. In P. p. melanogaster the forehead is chestnut or cinnamon rufous and the 
throat patch is often indistinct and only slightly glossy. The chin, throat, and sides of 
the head are rich chestnut, however, as in other races of P. pyrrhonota (Ridgway, 1904: 
51). Measurements of P. p. melanogaster given by Ridgway (op. cit.:52) and van Ros- 
sem and Hachisuka (1938) indicate that it is about the same size as P. p. tachina. 

In two male specimens of P. pyrrhonota in the Texas Natural History Collection 
from the Big Bend region of western Texas, the throat patch is very small (class 3), and 
in one (TNHC 1073 from Black Gap, Brewster County) the forehead is cinnamon 
brown. The throat patch is somewhat larger in three other breeding specimens from 
Presidio County, but the skins are prepared in such a fashion that the extent of the 
patch cannot be determined accurately. Both P. p. tachina and P. p. melanogaster have 
been reported breeding in Brewster County (Van Tyne and Sutton, 1937:58—-59; 
Thompson, 1953:171; and Phillips and Thornton, 1949:119), and Van Tyne and Sutton 
noted that individuals closely resembling P. p. melanogaster of western México are 
present in small numbers in breeding colonies of P. p. tachina. These authors concluded 
that four of their 31 breeding birds from Brewster County “are actually representatives 
of melanogaster,” rejecting the hypothesis that they are variants of a population most 
of whose members are referable to P. p. tachina and raising the question of whether or 
not melanogaster and tachina are conspecific. Material at our disposal is inadequate to 
solve this problem, but it may be noted that the forehead of a specimen of undetermined 
sex collected on June 27, 1948, in Presidio County (TNHC 221) is intermediate in 
color between the two forms, thus suggesting intergradation. 


VOCALIZATIONS 


As adequate accounts of the vocalizations of the Cave Swallow are not available, 
the following brief descriptions, taken from tape recordings made at the Dunbar Cave 
colony, may be of some interest. 

Typically the song consists of a series of squeaks blending into a complex melodic 
warble and ending in a series of double-toned notes in which a gua sound and a very 
low nock sound are given simultaneously. Often a sharp eep note terminates the song. 
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In some instances the elements of the song do not follow the usual sequence or are given 
separately. A complete song lasts 3 seconds. At Dunbar Cave on April 6 birds were sing- 
ing from their nests, and on several occasions birds sang in flight as they circled above 
the cave entrance. Conflict between birds for nests was much in evidence, accompanied 
by high-pitched, nasal che notes. The song was occasionally given in late September by 
birds perched on their nests in Dunbar Cave. 

The song of P. fulva clearly corresponds to the “defiance” song of P. pyrrhonota 
given in connection with territorial and aggressive displays and described by Emlen 
(1952:180) as “a series of high thin squeaks and low gutteral gratings alternating in an 
extended song... .” In Texas at least, the song of P. pyrrhonota is much shorter than 
that of P. fulva and lacks the melodic warbling phrase. 

In flight while leaving or returning to the cave, Cave Swallows keep up chattering 
choruses of short calls, which seem to consist of a great variety of different notes. How- 
ever, repeated listening to recordings of these choruses revealed that only three basic 
types of calls are given. By far the most frequent of these is a short, clear weet or cheweet 
given at medium pitch with either a rapidly ascending or, less commonly, descending 
inflection. The next most frequent call is a very loud, sharply accented, and high pitched 
che or chu note, usually given in series of two to four. This became the dominant call of 
individuals which were disturbed by our presence in the cave and which were circling 
rapidly in a compact flock preparatory to leaving the cave. The third call is somewhat 
similar to the second but is a lower pitched, clearer choo and has a descending inflection. 
This was rarely given and then only by disturbed birds. 

The weet and cheweet calls of P. fulva, which apparently function in maintaining 
flock integration, are similar to calls given by P. pyrrhonota. Perhaps the high pitched 
che or chu call corresponds to those “conversational” notes of P. pyrrhonota described 
by Emlen (1952:180) as a low kersh, modified under excitement to a higher pitched 
ash ash. The third call of P. fulva noted previously is similar to the alarm call of P. pyr- 
rhonota described by Emlen (loc. cit.) as a “clear plaintive zeoo with a descending in- 
flection,” but from our limited experience we are not prepared to state that it has a 
warning function in P. fulva. 

Navigation in the caves—Since Cave Swallows do not penetrate into caves beyond 
the twilight zone it is improbable that they have need of a special acoustic orientation 
system such as that possessed by Steatornis, a bird which roosts and flies in totally dark 
parts of caves (Griffin, 1955). To test this possibility, however, we captured a dozen 
individuals in Dunbar Cave and released them singly in totally dark chambers and large 
passageways of the cave well in beyond their nesting chamber. Some birds were released 
in the center of large chambers, while others were released a foot or two from the cave 
wall. Almost invariably the birds fluttered to the top of the cave and hovered against 
the ceiling, often circling slowly around the chamber or passageway. None gave audible 
vocalizations at any time. As the birds circled, their wings almost continuously brushed 
against the roof and walls of the cave, producing a clearly audible swishing sound. It 
was apparent that the swallows detect surfaces by brushing their wings against them as 
they move about with hovering flight. Possibly at close range they also detect air cur- 
rents reflected from surfaces but this remains to be tested experimentally. If a bird 
happened on to a large crevice, ledge, or eroded depression it would perch and some 
individuals managed to cling to roughened areas on the wall, but some birds finally flut- 
tered to the floor exhausted after several minutes of hovering flight. We noted that none 
undertook straight-line flight along the passageways or attempted to leave the imme- 
diate region of the cave in which they were released, behavior which might be expected 
if the birds were able to navigate by echolocation. . 
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To test further the possibility that echolocation was being used, however, we 
tightly plugged the ears of five birds with balls of moist cotton and released them in 
total darkness after making certain that they had been given no opportunity to see the 
walls of the chamber in which they were released. The behavior of these birds did not 
differ in any way from that of birds which we had previously tested or from that of five 
controls released at the same time. 


SUMMARY 


In Texas the Cave Swallow (Petrochelidon fulva) nests colonially in the twilight 
zone of limestone caves along the southern edge of the Edwards Plateau from Val Verde 
County east to Kerr County; all caves known to be inhabited are described. Ecologic 
isolation limits contact between the Cave Swallow and its sympatric congener, the Cliff 
Swallow. It is suggested that in Texas and New Mexico nesting of the Cave Swallow is 
restricted to caves by competition with the Cliff Swallow. 

The Cave Swallow is resident in Texas from early February to late September or, 
possibly, early October; laying begins in early April. Adults undergo postnuptial molt 
prior to fall migration. 

The nest is an unroofed half-cup shell composed of pellets of mud and/or guano and 
lined with feathers and plant fibers. Nests are re-used year after year, becoming pro- 
gressively larger as additional layers of pellets are added to the rims. Cave Swallows 
show a strong tendency to build their nests in isolated crevices and pockets or close up 
under overhanging ledges, in positions well screened in all directions from neighboring 
nests. Apparently this behavior achieves the same end as does the roof of the nest of the 
Cliff Swallow, namely that of increasing social stability by reducing territorial conflict. 

Thirty-four per cent of specimens of Cave Swallows from Texas show remnants of a 
dark throat or breast patch, resembling in shape and position the posterior part of the 
metallic throat and breast patch present in the Cliff Swallow. The hypothesis that this 
condition results from present-day hybridization with the Cliff Swallow is examined and 
rejected. Instead it is suggested that it represents a vestige of a character possessed by 
the common ancestor of the two species. 

The vocalizations of the Cave Swallow are compared with those of the Cliff Swallow. 
The songs of the two species are rather distinctive, the other calls less so. 

The possibility that Cave Swallows have a special acoustic orientation system for 
navigating in caves was tested experimentally, with negative results. 
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DIURNAL CYCLES IN LIVER WEIGHTS IN BIRDS 
By HARVEY I. FISHER and LAWRENCE M. BARTLETT 


While gathering data for a study of changes in organ weights during various phases 
of the reproductive cycle of Red-winged Blackbirds (Agelaius phoeniceus), we were 
first struck by a difference in the color of the liver of birds collected in the morning 
compared with others collected in the evening. We thought differences in constituents 
might be causing the color variations, and this prompted us to compare liver weights. 
The great overnight drop in liver weight led to a preliminary study to determine the 
factors involved in the daily changes noted. 

Further, we were unable to find in the literature any reference to diurnal cycles of 
weight or constituents of the liver in normal, wild animals except in Odum and Perkinson 
(1951:217) who stated that birds were collected “in the late afternoon, so as to mini- 
mize daily variations in lipid content.” Since nothing further about “daily variations” 
was mentioned in their paper we assume they were exercising normal care in obtaining 
a homogeneous sample based on their knowledge of the literature describing diurnal 
cycles of fat, glycogen, and protein in laboratory animals. 

Another factor emphasizing the importance of information on a possible diurnal 
cycle in liver weight is that in virtually none of the multitude of papers on the liver is 
there any mention of the time of day when the animals were killed; the papers by Odum 
and Perkinson (1951) and Oakeson (1953, 1956) are exceptions. If there is a diurnal 
cycle in liver weight and in fat, protein, or carbohydrate constitutents of the liver, data 
presented without precise information on time of collection of the specimens is of no 
value for comparative purposes. 


MATERIALS AND METHODS 


Collections —While netting the Red-wings we also took a number of Starlings 
(Sturnus vulgaris); data from these are included. The specimens used in this study 
were either shot or captured at their roosts in a Japanese “Mist Net” between Febru- 
ary 16 and March 27, 1956, in the vicinity of Carbondale, Jackson County, Illinois. 
The major part of the collection was made between February 27 and March 21. Time 
of kill is given in the tables. No significant differences were found between the mean 
body or liver weights of birds shot and birds netted. Furthermore there appeared to be 
no difference in these average weights between 12 female Red-wings held in cages out- 
doors (30°F.) and 14 female Red-wings held in cages indoors (70°F.). In addition 
there was no difference between birds netted and killed in the morning as compared with 
those netted in the evening and held over, without food, to be killed the following morn- 
ing. In Red-wings there was no significant difference in the data between adult and 
first-year males. Therefore, the data from the various collecting and handling proce- 
dures have been combined for the statistical treatment of the differences between sexes 
and times of day. 

One group of 27 female Red-wings (table 2), held for 12 or more hours, was pro- 
vided with scratch food and water, but when they were killed we found no significant 
evidence that they had fed. The Starlings (table 3) were held without food and water. 

A total of 45 male and 72 female Red-wings and 20 male and 11 female Starlings 
were used in this study. 

Weights ——Body weights were obtained from a triple-beam balance accurate to 0.1 
gram; liver weights were measured on a Roller-Smith torsion balance, to the nearest 
milligram. The livers were removed as soon as possible after death. In most instances 
this was within one-half hour, but all specimens were worked up within one and one-half 
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hours. As each liver was removed, it was freed of any extraneous tissue and blotted on 
paper towels before being weighed. Each liver was then divided. One part was weighed, 
placed in ethanol-ether (3:1) and stored in the refrigerator for later quantitative analy- 
sis of the lipids. The other part was placed in a dry shell vial, corked, and quick-frozen 
for glycogen analysis. 

Chemical methods.—During the analysis of fats a short circuit in the refrigerator 
in which the samples were stored ignited the ether, causing an explosion and fire which 
destroyed 37 of the 80 samples of fat. The pieces of liver for glycogen analysis were 
stored in the freezing unit of the same refrigerator, but 52 of the original 78 samples 
appeared to be unharmed. Nevertheless, a few “odd” results in our data may be attrib- 
uted to this accident. Although we cannot attach too much significance to the individual 
results, we feel that the trends shown justify the inclusion of the data on fat and gly- 
cogen analysis, pending a more complete study. 

The analysis of fats was carried out according to Bloor’s (1928) titrimetric method. 
We used a factor of 3.7 in the calculations to arrive at our estimate of total fat. 

Since the separation and purification of the glycogen was a combination of several 
procedures (Consolazio, Johnson, and Marek, 1951; Snell and Snell, 1953; and Wag- 
tendonk, Simonsen, and Hackett, 1946) we shall describe the steps briefly. The liver 
sample was placed in a 15-ml. centrifuge tube with sufficient 35 per cent KOH to cover 
it. This was heated in a boiling water bath for 30 minutes, with occasional shaking, 
until the sample was completely digested. After cooling, 95 per cent ethanol was added, 
the solution mixed vigorously with a platinum wire, and then immersed in hot water 
to bring the alcohol just to its boiling point. It was then centrifuged while warm, the 
supernatant decanted, and the residue dissolved in 5 ml. of warm water. One drop of 
Lugol’s solution was added, and the color read at a wavelength of 470 in a colorimeter 
against a reagent blank. The amount of glycogen was determined in the usual manner 
from a calibration curve. 
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RESULTS 


Changes in weight—Figure 1 and tables 1 to 3 summarize the body and liver 
weights and the ratio of liver to body weight. In comparing any two means, a “‘t” test 
was used to determine the probabilities discussed in the text. 

Although the body weight of male Red-wings decreases slightly during the night, 
both actual and relative liver weights decrease more rapidly. Data in table 1 show that 
the liver weight in male Red-wings decreases by one-third during a 12-hour night period. 
When the ratio of liver to body weight is considered, the overnight decrease is nearly 
as great (30 per cent). 

Data in tables 1 and 2 show that both the relative and actual overnight decreases in 
body weight are greater in females than in males—10.7 versus 4.5 per cent and 5.2 
versus 3.2 grams, respectively. Males show a greater loss in liver weight overnight than 
do females (33 versus 22 per cent). When calculated as per cent of body weight, liver 
weight in the males drops 30 per cent; in females this relative loss in weight is about 
12 per cent. Part of this apparently lesser loss in females may be attributed to their 
greater loss in body weight. 

Since we have no data for males killed after being held in captivity for more than 
12 hours, we have no basis for distinguishing sexual differences in the changes in body 
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Fig. 1. Liver weights of Red-winged Blackbirds. Left, weights expressed as 
per cent of body weight. Right, weight in grams. 


or liver weight beyond the overnight period. Although females (table 2) showed no 
significant loss in body weight after 9 a.m., even though they had not fed, the actual 
liver weight between 9 a.m. and noon decreased by 19 per cent and the relative liver 
weight went down 17 per cent. After noon there was no further significant change in 
either actual or relative liver weights. 

Although we had only a small sample of Starlings (table 3), it would appear that the 
body weight of male Starlings decreases more (15 per cent) in the overnight period than 
it does in females (9 per cent). This is the reverse of the situation we found in the Red- 
wings (tables 1 and 2). The data on male Starlings, as on female Red-wings, after a 
12-hour period in captivity do not indicate any loss in body weight during that time. 

There was nearly a 40 per cent decrease in liver weight in male Starlings between 
the time they were captured in the evening and late the following morning; females 
showed only a 25 per cent decrease during the same period. The ratio of liver weight 
to body weight decreased 29 per cent for males and 18 per cent for females in this 
period. In these respects, the data from the two species are comparable. 
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LIVER WEIGHTS IN BIRDS 


Table 1 


Body and Liver Weights of Male Red-winged Blackbirds 


Number 
specimens 


16 
29 


16 
29 


16 
29 


Mean Range 
Body weight in grams 
70.4+1.28 63.0-77.4 
67.20.76 58.6—-78.9 
Liver weight in grams 
2.424+0.110 2.010-3.110 
1.6210.035 1.354—1.962 
Liver weight as per cent of body weight 
3.45+0.14 2.63-4.19 
2.42+0.05 1.97-2.83 
Table 2 


Standard 
deviation 


4.96 
4.00 


0.348 
0.183 


0.448 
0.262 


Body and Liver Weights of Female Red-winged Blackbirds 


Number 
specimens 


19 
26 
10 
10 

7 


19 
26 
10 
10 

7 


19 
26 
10 
10 

7 


Mean Range 
Body weight in grams 
48.5+0.95 41.8-55.5 
43.30.78 36.8-52.0 
42.11.05 38.2-46.1 
42.60.58 40.0-44.6 
41.6+1.16 38.5-47.2 
Liver weight in grams 
1.8230.052 1.450-2.390 
1.424+0.033 1.120-1.782 
1.155+0.039 0.981-—1.436 
1.162+0.064 0.822-1.461 
1.130+0.068 0.925-1.319 
Liver weight as per cent of body weight 
3.77+0.09 3.00-4.34 
3.310.09 2.47-3.96 
2.750.007 2.51-3.11 
2.730.114 2.06-3.30 
2.72+0.14 2.32-3.26 


Standard 
deviation 


4.02 
3.91 
3.16 
1.73 
2.84 


0.222 
0.164 
0.118 
0.191 
0.167 


0.394 
0.449 
0.214 
0.412 
0.333 


367 


Coefficient 
of variation 


7.0 
6.0 


14.4 
11.3 


13.0 
10.8 


Coefficient 
of variation 


8.3 
9.0 
7.5 
4.1 
6.8 


12.2 
11.5 
10.2 
16.4 
14.8 


10.5 
13.6 

7.8 
15.1 
12.2 


Changes in fat and glycogen.—Data in table 4 show that the fat content dropped 
overnight in Red-wings and Starlings. It increased again during the following afternoon 
in the male Starlings and female Red-wings. It may be recalled that the Starlings were 
held without food or water whereas the Red-wings had access to both but apparently 


did not eat. 


Data in table 5 indicate that the glycogen content of the liver also dropped over- 
night. However, the drop was undoubtedly not as great as indicated by the averages 
since the three specimens possessing extreme glycogen supplies (11.5, 20.2, and 14.6 
mg./gm., maxima) were all killed in the evening. These “extreme” results tend to raise 
the average value of the evening group of birds and thus increase the apparent over- 
night drop. Whereas the fat content appeared to make a recovery during the afternoon, 
the data suggest that there was little or no glycogen recovery during this period. 
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Table 3 


Body and Liver Weights of Starlings Killed at Different Times of Day 


Males Females 


No. Standard No. Standard 
spec. Mean Range deviation spec. Mean Range deviation 
Body weight in grams 
First p.m. 5 88.32.18 843-940 4.36 7 78.80.83 76.1-80.7 2.03 
Morning 8 75.2+0.74 62.8-82.3 1.95 3 71.62.33 68.4-75.0 3.30 
Second p.m.* 7 73.2%2.18 67.5-83.6 5.34 
Liver weight in grams 
First p.m. 5 3.550.310 2.64-4.21 0.620 7 3.29%0.149 2.95-3.98 0.366 
Morning 8 2.172%0.090 1.81-2.54 0.239 3 2.46+0.198 2.13-2.64 0.281 
Second p.m.* 7 209%0.133 1.83-2.73 0.326 
Liver weight as per cent of body weight 
First p.m. 5 4.04+0.390 3.07-4.94 0.779 7 4.18+0.165 3.67-4.93 0.402 
Morning 8 2.89%0.114 2.58-3.44 0.301 3 3.430.221 3.11-3.69 0.313 


Second p.m.* 7 2.860.171 2.33-3.63 0.419 


* Held in captivity for 24 hours. 
DISCUSSION 


Decreases in weight, fat, water, glycogen and protein have been shown by Higgins, 
Berkson, and Flock (1932, 1933) in rats deprived of food and water for 24 hours, but 
nowhere have we been able to find reference to a normal diurnal change in liver weight 
of any animal. This seems strange in view of the diurnal fluctuations in liver fat and 
glycogen which have been demonstrated in various laboratory animals. One would 
expect some change in gross weight of the organ as a result of changes in fat and gly- 
cogen content. However, one would certainly not expect, from anything in the available 
literature, that an overnight drop of about 30 per cent would occur. The magnitude of 
th: fluctuation, then, was one of the most striking aspects of our study. 

In our data the apparently greater drop in liver weight shown by the Starlings is 
probably not real. Most of the morning Starlings were sacrified later in the morning 
(about 11 a.m.) than the Red-wings. If we graph the drop in liver weight of the Red- 
wings we find that, by 11 a.m., the decrease was comparable to that shown by the Star- 
lings. Therefore, it seems justifiable to assume that the degree of loss in liver weight 
may be comparable in the two species. 

Weekly differences—Seasonal differences in organ weights have been demonstrated 
for many species of birds. Since our collections were made at a time when at least some 
individuals of the species were in migration, and since Odum and Perkinson (1951) 
have demonstrated that fat deposition may occur over a very short period of time prior 
to the spring migration in the White-throated Sparrow (Zonotrichia albicollis) we were 
led to compare, at weekly intervals, the liver weights of female Red-wings during the 
three-week period over which most of our collections were made (table 6). Although 
there was little if any statistically significant weekly difference in mean liver weight of 
birds collected at the end of the day, there seemed to be a highly significant difference 
in birds collected in the morning. The morning values of 1.23 and 1.31 (first and second 
weeks) are not significantly different, but 1.31 and 1.56 (third week) are different 
(1 in 1000) and 1.23 and 1.56 are different (1 in 10,000). Thus, there was exhibited a 
trend of lesser overnight decrease in liver weight during the period of the study. Despite 
this trend, the differences between evening and morning weights remained significant 
(table 6). It may also be worth noting that the coefficient of variation is generally 
greater for evening than for morning liver weights. These data suggest the possibility 
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that the female Red-wings were using stored materials in the liver at a greater rate dur- 
ing the nights of the week of February 27-March 4 than was the case between March 12 
and 18. 

Fat depletion overnight —Our data are not sufficient to say with certainty whether 
the loss of fat from the liver could account fully for the loss in weight of the liver be- 
tween 9 p.m. and 9 a.m. However, the four female Red-wings (table 4) sacrified at 
9 p.m. and the five sacrified at 9 a.m. suggest this possibility. The average total amount 
of fat “lost” was 243 mg. while the average liver weight “lost” was only 190 mg. This 
suggests, ignoring possible quantitative errors in the chemical procedures, that some 
other constituent may be increasing while the fat is being depleted, but not at a rate 
which prevents a pronounced drop in liver weight. In spite of the fact that these nine 
birds did not show as great a drop in liver weight (1.77 to 1.58 gms.) as would be indi- 
cated by our other data, it would appear that changes in the fat content may account 
for the major, if not entire, observed drop in liver weight. 


Table 4 
Fat Content of Liver 
Number Av. mg./gm. 
Time Sex specimens fresh weight Range 
Red-wings 
p.m. g 4 228 155-379 
a.m. g 5 99 31-174 
3 p.m. Q 2 174 144-204 
6 p.m. Q 2 258 169-347 
Starlings 
9-12 p.m. 3 3 187 110-234 
Q 6 262 65-439 
Noon d 6 108 68-168 
9-12 p.m. 3 5 212 12-367 


Comparison with other species—Riddle (1928) working with the Ring Dove 
(Streptopelia risoria) found the liver weight greater in the female than in the male at all 
four seasons of the year, but it should be noted that in this species the female is the 
heavier sex. Oakeson (1953, 1956) found in the non-migratory race of the White-crowned 
Sparrow (Zonotrichia leucophrys nuttalli) that the liver weight of the female was greater 
than that of the male only in the spring of the year. Stegeman (1954) studied the body 
weight and weight of various internal organs in a group of 455 Starlings captured on a 
single night, chloroformed, kept in a cold room overnight, and weighed in groups of 50 
on the following day. Stegeman gave the liver weights as male (4.110+0.04) and fe- 
male (3.823+0.04); comparable data of ours are 3.55+0.31 and 3.29+0.15, respec- 
tively. In terms of body weight, he gave the liver as 5.0 per cent in both sexes, and we 
calculated it as about 4.0 per cent. The higher weights of livers of Stegeman’s Starlings 
probably reflected the coagulated blood contained in them as a result of his method. 
The greater variability in the liver weights of our birds resulted perhaps from some 
differential retention of blood in fresh specimens and quite probably from the small size 
of our sample. 

Whereas our data tend to be in agreement with Stegeman’s statement that the liver 
weight of the male Starling is greater than that of the female, this is true only for birds 
collected in the evening. In others collected in the morning, our data indicate that the 
liver weight of the male is insignificantly less than that of the female. 

When liver weight is considered as per cent of body weight, the female is “heavier” 
in the morning in both Starlings and Red-wings, whereas there appears to be no differ- 
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ence between sexes in the evening. However, during the night the male Red-wing loses 
only 5 per cent of its body weight and the female 10 per cent. In Starlings the male’s 
body weight drops 15 per cent and the female’s less than 9 per cent. 

It may well be that the greater decrease in the female Red-wing’s body weight ac- 
counts for all of the relatively larger liver in that sex. However, there is the possibility 
that the physiological events occurring in the liver during the period of sleep are dif- 
ferent, at least in magnitude, between the sexes. Clavert (1944) has shown that admin- 
istration of estrogen increases liver fat and protein as well as the number and size of the 
liver cells. The possible sex difference indicated in our work might, therefore, be attrib- 
uted to the influence of estrogen on fat and protein content. Our data are not yet suf- 
ficient to say with certainty that there is any difference in the fat content of the liver 
between sexes at different times of the day. 

Odum and Perkinson (1951) suggested that total lipids in the female White-throated 
Sparrows may be greater than in the male, especially in the premigratory period, when 
total lipids are considered as per cent of body weight. In their midwinter period (Jan- 
uary-February) which is most comparable perhaps to the period of ours of late Feb- 
ruary to mid-March, they reported that 10.4 per cent of the fresh weight of the liver is 
lipid material in birds collected in “late afternoon.” Because no definite time of collec- 
tion was stated, it is impossible to know whether their data are comparable to our 3 p.m. 
kill (table 4) or to our 6 p.m. kill, but in any case our observed values seem to be con- 
siderably higher. Their data cannot be compared to our “p.m.” data secured from birds 
killed, for the most part, between 9 p.m. and midnight. 

The data of Musacchia (1953) cannot be used for comparison, partly because of 
seasonal differences, but primarily because there is no indication of the time of kill of 
the birds. There is, of course, no evidence to indicate any diurnal cycle or sexual differ- 
ence in the livers of the species he studied, but perhaps only because this aspect has not 
been investigated. 

In any event, it appears that the avian species thus far studied, regardless of the 
time of day, have a higher lipid content in the liver than do the familiar laboratory 
mammals (3 to 5 per cent). 

Glycogen content of the liver in Starlings and Red-wings dropped between 9 p.m. 
and 9 a.m. and then maintained its level for at least 9 to 12 hours under starvation con- 
ditions. Fat content has just been shown to increase after a low at 9 a.m. Thus our data 


Table 5 
Glycogen Content of Liver 
Number Av. mg. 
Time Sex specimens per gm.* Range 
Red-wings 
9 p.m. Q 4 4.98 1.47-11.50 
9 a.m. Q 10 2.34 0.94— 6.71 
Noon g 3 2.65 1.72— 4.13 
3 p.m. 9 3 1.17 0.75— 1.92 
6 p.m. 9 6 2.18 0.77— 4.86 
Starlings 
10 p.m. 3 12.85 \ 5.50-20.20 
9.64 
Q 3 7.51 J 3.85-14.63 
Noon é 6 2.27 1.35— 5.32 
2.28 
Q 2 2.29 2.02— 2.56 
10 p.m. é 6 2.68 1.63- 6.36 


* Mg./gm. fresh liver weight in Red-wings and mg./gm. frozen liver weight in Starlings. 
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possess limited agreement with those of Petrén (1939) who found a maximal glycogen 
content in guinea pig livers between 11 a.m. and 3 p.m. and a minimal level between 5 
and 9 a.m. and with those of Marble, Grafflin, and Smith (1940) who found no differ- 
ences in glycogen, fat or water content in guinea pig livers between 9 a.m. and 3 p.m. 

MacLachlan e¢ al. (1942), Ota (1940) and Chevillard, Hamon, and Mayer (1937) 
reported accumulation of fat during fasting in several species of rodents. Ohlsson and 
Blix (1934, in Bloor, 1943) reported that in rats a high-fat phase coincides with a low- 
glycogen phase and vice versa. Our data for evening birds do not support this thesis; 
data on birds held under fasting conditions do corroborate the reverse relationship. 

These comparisons with mammals may be specious. Liver metabolism is highly vari- 
able and in some studies (Kilborn, 1939) livers of birds have been shown to differ from 
mammals in that the type of fat stored in the bird’s liver differs according to the type 
of fat in the diet. 


Table 6 
Comparison of Morning and Evening Liver Weights of Female Red-winged Blackbirds by Weeks 
Feb. 27—Mar. 4 March 5-11 March 12-18 
p.m. a.m. p.m. a.m. p.m. a.m. 
Sample size 9 17 5 5 6 7 
Liver weight 
Mean 1.87+0.09 1.230.04 1.66+0.08 1.310.03 1.83+0.10 1.560.005 
Range 1.46 — 2.39 1.00 — 1.52 1.45 — 1.86 1.20 — 1.36 1.68 — 2.10 1.43 — 1.78 
Standard deviation 0.27 0.15 0.16 0.06 0.21 0.12 
Coefficient variation 14 12 10 5 12 8 


It does appear that fat moves into the liver from various fat depots during fasting, 
and we may presume that the 12-hour overnight period is one of fasting. Since glycogen 
is high in the evening, the transport of fat to the liver for conversion to glycogen and 
energy is not rapid during the first 12 hours of fasting and both the fat and the glycogen 
show overnight decreases. As fasting, or insufficient intake of food compared to energy 
requirements, goes on during the next day, glycogen reaches minimal levels and fat is 
moved to the liver more rapidly than it is converted to glycogen. Hence, fat levels in the 
liver go up in the afternoon—perhaps partly from fat depots and partly from food in- 
gested during the day. If the high metabolic rate of birds permits rapid acquisition of 
glycogen from daily food and rapid conversion of fat to glycogen, it is possible that 
glycogen levels in birds may be lower than in mammals. 


SUMMARY 


A pronounced diurnal fluctuation in liver weight has been demonstrated in Red- 
winged Blackbirds and Starlings. 

Based on small samples it appears that both fat and glycogen stores in the liver 
decrease overnight and that the decrease in fat content is primarily responsible for the 
observed loss in liver weight. The fat and glycogen content of the liver is highest some- 
time in the early evening, and, for Red-wings and Starlings, seems to exceed any pre- 
viously published values, probably because previously most work has been done on birds 
collected in the mornings when these constituents are near their minimum in the diurnal 
cycle. 

Comparison of evening and morning liver weights of Red-wings and Starlings indi- 
cates that the male’s liver weight drops more rapidly than that of the female. 

During the three-week period from February 27 to March 18, the morning liver 
weight of female Red-wings increased, apparently as the result of a smaller overnight 
drop in weight. This suggests the possibility that, as spring comes on, a smaller amount 
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of stored food from the liver is necessary to supply the metabolic needs of the roosting 
bird. 

Comparison with data on liver weights obtained by other workers shows the need 
for consistency in methods of gathering the data in terms of time of day and handling 
procedures if interspecific comparisons are to be valid. 
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AN ANALYSIS OF AVIFAUNAS IN THE TETON MOUNTAINS 
AND JACKSON HOLE, WYOMING 


By GEORGE WILLIAM SALT 


Faunal analyses may be made for several purposes: to reveal ecologic characteristics 
of a community either of present times or, as is done by paleontologists, of past ages 
(Miller, 1937); to demonstrate pathways of energy exchange within an ecosystem 
(Turcek, 1952); or to evaluate ecological or evolutionary relationships between faunas 
(Miller, 1955; Snyder, 1950; Corti, 1952). The present analysis is an effort to secure 
results useful for all three. The primary object was to collect data on the bird life of an 
area in the Rocky Mountains for comparison with that of the Sierra Nevada. Results 
of the comparison will appear in a latter report on Sierran avifaunas. Herein are reported 
findings on community characteristics and trophic or feeding relationships as determined 
from analysis of avifaunas in the Teton Mountains and Jackson Hole, Wyoming. 

The work was done during the summers of 1952 and 1954 at the Jackson Hole Bio- 
logical Station of the University of Wyoming, where facilities were kindly provided. 
Financial support was generously given by the New York Zoological Society for which 
I am grateful. I also wish to express my thanks for assistance to Mr. James Simon, for- 
mer director, Dr. L. Floyd Clarke, present director of the station, and my colleagues and 
friends at the station. The weights used were taken from specimens in the Museum of 
Vertebrate Zoology at Berkeley; to Dr. A. H. Miller and Dr. F. A. Pitelka I express 
my gratitude for permission to use this material. 


DESCRIPTION OF THE AREA 


The Teton Mountains form the west wall of the valley of Jackson Hole in north- 
western Wyoming. They rise abruptly from the valley floor (6900 feet) to peaks of 
10,000 to 13,766 feet. The canyons, running at right angles to the axis of the range, are 
deep glaciated troughs draining eastward into a row of moraine-enclosed lakes along 
the base of the Tetons. The lower parts of the mountains and the canyons are forested 
up to about 10,000 feet, but avalanches, cliffs and talus slides make the distribution of 
vegetation varied and irregular. Alpine fir (Abies lasiocarpa), Engelmann spruce (Picea 
engelmannii), and Douglas fir (Pseudotsuga taxifolia) dominate at lower elevations; 
white-bark pine (Pinus albicaulis) dominates at higher elevations. 

Jackson Hole is a narrow valley extending about forty-eight miles north and south; 
its greatest width is about twelve miles. The northern end is filled with the dammed 
waters of Jackson Lake from which the Snake River runs southwestward the length of 
the valley. The northern and eastern flanks of the valley are formed by the Yellowstone 
and Mount Leidy highlands while the Gros Ventre and Hoback mountains enclose the 
southern end. There are three towns: Moran at the northern end where the Biological 
Station is located, Jackson at the southern end, and Moose halfway between them. The 
predominant vegetation of the valley floor, sagebrush (Artemisia tridentata), is inter- 
rupted by groves of aspen (Populus tremuloides), lodgepole pine (Pinus contorta) for- 
ests, and, where the beavers have dammed the streams, willow (Salix) swamps. An asso- 
ciation characterized by southern poplar (Populus deltoides) and blue spruce (Picea 
pungens) exists along the banks of the Snake River. Hills within the valley and around 
its margin are forested. The floristics of most of the vegetation types in the area have 
been studied in detail by Reed (1952). A more thorough description of the area may be 
found in papers by Fryxell (1938) and James (1936), and the geology and glacial his- 
tory of the valley is dealt with in a paper by — (1930). Nearly all the area is now 
included in Grand Teton National Park. 
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During early summer the climate alternates between sunny days and thunderstorms 
that last several days. Freezing nights are not uncommon in late June. As the summer 
progresses, rainstorms sometimes become less frequent and freezing nights are rare or 
lacking. Maximum daytime temperatures are usually between 70 and 80 degrees F. 


METHODS 


In this study censuses were made by the strip-transect method. Birds were counted 
in four communities in Indian Paintbrush Canyon in the Tetons and in three vegeta- 
tion types in the valley near the Biological Station. The strips were between one-half 
and one mile long, depending on how large a pure stand of the vegetation type could 
be found. In all instances the strips were sixty yards wide. Distances of thirty yards on 
either side of the route were paced off at intervals along the strip. I walked along the 
route at a rate of about one mile per hour recording each bird seen or heard within the 
strip. Notes on activity were made on birds seen. Counts were made during the morning 
hours, usually between 7:00 and 10:00 a.m. 

There were several reasons for using this method in preference to plotting territories 
of singing males in a measured area: (1) The Sierran censuses with which these data 
were to be comparable were made on strip transects; (2) the irregular vegetation and 
rugged terrain make traversing a quadrat, assuming one large enough could be laid out, 
an exercise in mountaineering; and (3) the breeding seasons of the birds are not syn- 
chronized and some such as the Clark Nutcracker are finished before others have begun. 

In the Rockies of Colorado twenty-one miles west of Boulder, Snyder (1950) cen- 
sused in lodgepole pine and spruce-fir forests. Mapping territories in quadrats of 14.2 
to 22.2 acres, he was able to get specific density figures for about half the species present. 
Although there are undoubtedly differences in climate and soil between that area and 
the Tetons, a comparison of the two regions is presented in table 1 in terms of birds per 
100 acres. 


Table 1 
A Comparison of Densities of Birds in Two Areas of Coniferous Forest 
Area 
Habitat Species Colorado Wyoming 

Lodgepole pine forest Mountain Chickadee 9/100 ac. 6.7/100 ac. 

Siskin 23 1.7 

Junco 5 10.0 

Spruce-fir forest Hairy Woodpecker 7 2.8 

Mountain Chickadee 12 7.0 

Hermit Thrush 8 3.5 

Ruby-crowned Kinglet 28 8.4 

Audubon Warbler 6 7.7 

Pine Grosbeak 4 3.5 


Although there are obvious discrepancies, the two sets of figures agree sufficiently to 
suggest that the strip-transect counts can be converted into densities with reasonable 
confidence. It is uncertain whether the strip method underestimates densities or whether 
the Wyoming figures are generally lower because of habitat differences. 


TREATMENT OF DATA 


The findings for each vegetation type are given in tables 2 to 7. Profiles (fig. 1) of 
three of the vegetation types are presented to show the foraging niches of the inhabiting 
birds. (I am indebted to Dr. T. I. Storer for suggesting this technique.) Nearly all the 
species considered in this report are shown. 
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Fig. 1. Vegetation profiles showing foraging niches of the inhabiting species. 
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Census figures in the accompanying tables are given as mean numbers of individuals 
counted per trip. These are then converted to the standard value of birds per 100 acres. 
The species are listed in their feeding categories according to foraging level and food 
type as described in an earlier paper (Salt, 1953). One modification has been made; air 
feeders have been subdivided into soaring (A—S) and perching (A—P) categories. Other 
categories are: Foliage-nectar (F—-N), Foliage-insect (F-I), Foliage-seed (F-S), Tim- 
ber-searching (T-S), Timber-drilling (T—-D), Ground-predator, (G—P), Ground-insect 
(G—I), and Ground-seed (G-S). 

Turcek has inquired (letter) why I classified all species into either insect or seed 
eaters rather than using an additional category of mixed feeders as he has done. There 
is no doubt that these bitds form an important group in any avifauna as he has shown. 
However, I wished to determine values for herbivore (primary consumer) and carnivore 
(secondary and tertiary consumer) biomasses (total weight of living material) and 
to do this each species must be placed in one or the other category. The mixed feeders 
were placed, then, according to which type of food formed the largest part of the diet. 

At first thought it might be argued that food habits for the species should be deter- 
mined for the area investigated. There can be no doubt that this would result in in- 
creased accuracy in classification of some species, especially if the further refinement 
were made of partitioning a biomass into categories according to the percentage of food 
of each type in the diet. However, a gram of insect material cannot be assumed to be 
necessarily equivalent to a gram of plant material or for that matter equivalent to dis- 
similar insect food. In view of this, there seems to be no great increase in accuracy pos- 
sible without a simultaneous determination of caloric content of the food. I regard the 
latter procedure as highly desirable, but a program of food analysis of this magnitude 
could not be carried out at Jackson Hole. 

If an avifauna is to be measured, some sort of unit must be used. Furthermore, the 
results must be expressed as multiples of that unit. The simplest characteristic to meas- 
ure is the number of species making up the avifauna. If the generalization is accepted 
that each species occupies a unique niche, then the number of species gives an indication 
of ecologic diversity in the habitat. The total species composition of the seven avifaunas 
studied is shown in table 9. 

Avifaunal composition is frequently expressed as numbers of individuals. I must 
admit that the value of this expression is not clear to me. It seems to imply that in some 
way three horned owls and one hummingbird are equal to four sparrows. What would 
seem to be a more meaningful measure is that given when these individual numbers are 
multiplied by the weight for each species. When this is done the results appear as one 
kind of biomass, standing crop biomass, that is, the biomass present at the time of cen- 
sus. These standing crop biomass figures indicate the total weight of the birds present 
on a unit area. Considering the matter from the point of view of community metabolism, 
they represent the total stored energy present as birds, or putting it another way, the 
amount of food available for things that eat birds. In the tables the total standing crop 
biomass is given for each feeding category. 

A figure related to food consumption may be derived from the standing crop biomass 
by making use of a generalization from the field of bioenergetics. The conversion is made 
for each species by multiplying numbers of individuals times the mean weight of the 
species to the 0.7 exponent and then summing all the values for an avifauna or some part 
thereof. The resulting figures are referred to here as “consuming biomass.” These can be 
taken as indicative of rate of food consumption or energy intake by the avifauna. 

The reasoning in support of this method is as follows. Oxygen consumption per gram 
and hence calories consumed from one species or individual to another is known to be 
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proportional to a mathematical derivative of body weight (Brody, 1945:352-374)— 
an exponential function. The precise value of this exponent has been a matter of some 
dispute; suggested values range from 0.62 to 0.73, but acting on advice from Dr. Wil- 
liam R. Dawson, who is studying this subject, I have used 0.7. Even if the theoretically 
correct value proves to be somewhat different, using it would not improve significantly 
the accuracy of the figures given here. 

When weights to the 0.7 power are used the lower metabolism per gram of large birds 
relative to small ones is cancelled out and all weights thus modified become equal in 
terms of caloric intake per gram under standard conditions at a given temperature. 

It would be erroneous to argue that these values for consuming biomass could be 
converted to actual food consumption values in the wild if we only knew the correction 
factor to use, for two variables still remain uncorrected, environmental temperature and 
species differences in temperament. The major variable, temperature, actually intro- 
duces no great error for comparisons when the avifaunas considered have similar pro- 
portions of large and small species and are all in neighboring communities subject to 
the same macroclimatic regime. Under these circumstances the food consumption by all 
the avifaunas would experience para)le) increases and decreases in response to tempera- 
ture fluctuations and hence would remain comparab)e. One might argue that different 
species show different abilities to consume food at extreme temperatures, particularly 
cold. Dawson (1954), Salt (1952), Seibert (1949), and Kendeigh (1949) have shown, 
however, that species residing in a place having extreme weather are adapted to these 
conditions. The significant variable is, once again, size. If comparisons were to be made 
between avifaunas from significantly different climates, correction would undoubtedly 
be needed. That there are differences in temperament and activity rate between species 
is well known to all ornithologists. A phlegmatic vireo and an active warbler of the same 
weight certainly consume different amounts of food. Here, though, it seems probable 
the differences are small enough to be ignored for what are first approximations. On this 
basis, then, the “consuming biomass” figures are regarded as indices of food intake. They 
give no indication of absolute amounts of food required, but are useful for comparison. 
Two avifaunas may be regarded as consuming food at rates proportional to their respec- 
tive consuming biomasses. 

The weights used in the calculations are the means of samples in the Museum of 
Vertebrate Zoology collected nearest Jackson Hole. The birds are weighed when col- 
lected and the weight is recorded on the tag. It was not thought necessary to correct for 
sex and age distribution as suggested by Elton and Miller (1954). At the seasons when 
the censuses are made there are few birds present as immatures which are not recogniz- 
able as such. In addition, young birds rapidly reach adult weight after fledging. While 
there are differences between sexes, these were accounted for by averaging weights for 
both sexes and assuming an equal sex ratio. 

For comparison with the results of the Wyoming study, biomass values have been 
calculated for avifaunas of three community successional series of the eastern United 
States: oak-hickory of the Georgia Piedmont (Johnston and Odum, 1956), beach-maple- 
hemlock of New York (Kendeigh, 1946), and beech-maple-pine of northern lower 
Michigan (Kendeigh, 1948). Weights for each species are taken from the literature for 
the locality nearest the area studied. Since in all of these reports densities of some birds 
are given as either plus or minus, a value of 4 bird per 100 acres was assigned to plus 
and 1% to minus densities. The results of the calculations are given in table 10 and in 
figures 2 to 4. In the beech-maple-hemlock succession, biomass values have been calcu- 
lated separately for the early, middle, and late facies of the avifauna of the mixed shrubs 
and small trees stage. In the Michigan report, data from two successional sequences are 
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given; grassland-aspen-pine on the upland and cedar-aspen and cedar-balsam on the 
bogs. Both sequences lead to the same climax of beech-maple-pine. The two lines of 
succession are shown in the graph. 


DESCRIPTION OF CENSUS AREAS 
CONIFEROUS VEGETATION-TYPES 


Lodgepole (table 2).—The lodgepole census area was at the northwest end of String 
Lake below the south shoulder of Indian Paintbrush Canyon at an elevation of 6900 
feet. Near the lake the area is relatively flat but the slope becomes progressively greater 


Table 2 
Lodgepole Pine 


(Distance, 0.49 miles; area, 10 acres; number of counts, 6) 








Stand- Con- 
ing crop suming 
biomass, biomass, 

Mean Number Mean grams grams 
number/ per 100 weight, per 100 per 100 
Species by category count acres grams acres acres 
Foliage-Insect 
Audubon Warbler (Dendroica auduboni) 0.67 ; 13.1 88 41 
Western Tanager (Piranga ludoviciana) 0.50 5.0 29.0 145 53 
Totals 233 94 
Foliage-Seed 
Canada Jay (Perisoreus canadensis) 0.30 3.0 74.6 224 62 
Clark Nutcracker (Nucifraga columbiana) 0.17 7 130.0 221 51 
Siskin (Spinus pinus) 0.17 a7 12.1 1 10 
Totals 466 123 
Timber-Searching 
Mountain Chickadee (Parus gambeli) 0.67 6.7 12.0 80 38 
Totals 80 38 
Ground-Insect 
Chipping Sparrow(Spizella passerina) 0.17 1.7 12.2 21 10 
Totals 21 10 
Ground-Seed 
Oregon Junco (Junco oreganus) 1.00 10.0 17.7 177 75 
Totals 177 75 


toward the base of the mountain to the west. The canopy vegetation is an almost pure 
stand of even-aged lodgepole pines (Pinus contorta) forty to sixty feet high, spaced 
three to twelve feet apart. Only the top branches of the trees carry needles. Most of the 
space below this thin canopy is filled by scaffoldwork of bare trunks hung with dead 
branches. There are a few dead aspens (Populus tremuloides) standing in the forest and 
both fallen aspens and lodgepoles on the ground. The understory consists of scattered 
seedlings of alpine firs (Abies lasiocarpa) three to six feet high and a nearly continuous 
ground cover of Lupinus and grasses interrupted by Lonicera and Vaccinium bushes. 
There are a few large boulder outcrops, and the soil appears to be thin. 
Lodgepole-spruce-fir (table 3).—This transect area was on the south shoulder of 
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Indian Paintbrush Canyon at an elevation of 7300 feet. The overstory vegetation is a 
mixture of three species; lodgepole pine, Engelmann spruce (Picea engelmannii), and 
alpine fir (Abies lasiocarpa); it is not, however, a uniform mixture. Rather, where the 
transect begins, lodgepole pine predominates with only a few spruce and fir present. 
Along the transect route spruces and firs gradually become more frequent so that where 
the transect ends they outnumbered the lodgepoles. Generally the trees are slender, 6 to 
12 inches (d.b.h.) and closely spaced. To some degree the lodgepoles and generally the 
spruces and firs have some needles on the branches below the tops of the trees so that 
the canopy layer is thicker than in pure lodgepole forest. The understory is a somewhat 
sparse but continuous layer of shrubs—Lonicera, Vaccinium, Ribes, Sorbus and Spirea 
—except where rock outcrops exist or a windfall has made an opening in the forest. In 
these places grasses and smaller forbs such as Lupinus are more common. There are a 


Table 3 
Lodgepole-Spruce-Fir 


(Distance, 0.85 miles; area, 15 acres; number of counts, 12) 








_Stand- Con- 
ing crop suming 
biomass, biomass, 
Mean Number Mean grams grams 
number/ per 100 weight, per 100 per 100 
Species by category count acres grams acres acres 
Foliage-Insect 
Audubon Warbler (Dendroica auduboni) 2.75 18.3 13.1 240 112 
Western Tanager (Piranga ludoviciana) 2.75 18.3 29.0 531 193 
Ruby-crowned Kinglet (Regulus calendula) 1.42 9.4 6.1 57 33 
Golden-crowned Kinglet (Regulus satrapa) 0.25 0.6 5.1 3 2 
Totals 831 340 
Foliage-Seed 
Clark Nutcracker (Nucifraga columbiana) 1.75 11.7 130.0 1521 351 
Pine Grosbeak (Pinicola enucleator) 0.08 0.6 51.0 
Totals 1552 360 
Timber-Searching 
Mountain Chickadee (Parus gambeli) 1.17 7.8 12.0 94 44 
Red-breasted Nuthatch (Sitta canadensis) 0.50 3.3 10.1 33 17 
Creeper (Certhia familiaris) 0.08 1.1 8.0 9 5 
Totals 136 66 
Timber-Drilling 
Hairy Woodpecker (Dendrocopos villosus) 0.25 a7 69.8 119 33 
Totals 119 33 
Ground-Insect 
Chipping Sparrow (Spizella passerina) 1.67 14:2 12.2 135 64 
Robin (Turdus migratorius) 0.33 Zea 88.0 194 51 
Totals 329 115 
Ground-Seed 
Oregon Junco (Junco oreganus) 1.42 9.4 17.7 166 71 
Cassin Finch (Carpodacus cassinii) 0.33 22 27.6 61 22 





Totals . 227 93 
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good many dead trees present; many are tangled with living trees and remain propped 
upright. 

Spruce-fir (table 4; fig. 1).—The transect was made in a forest of Engelmann spruce 
and alpine fir containing some Douglas fir (Pseudotsuga taxifolia). It is on the south 
side of Indian Paintbrush Canyon near the mouth and at a slightly higher elevation, 








Table 4 
Spruce-Fir 
(Distance, 0.7 miles; area, 13 acres; number of counts, 11) 

Stand- Con- 
ing crop suming 
biomass, biomass, 

Mean Number Mean grams grams 
number/ per 100 weight, per 100 per 100 
Species by category count acres grams acres acres 
Air-Perching 
Olive-sided Flycatcher (Nuttallornis borealis) 0.18 1.4 31.5 44 16 
Totals 44 16 
Foliage-Insect 
Audubon Warbler (Dendroica auduboni) 1.00 | 13.1 101 47 
Western Tanager (Piranga ludoviciana) 1.73 13.3 29.0 386 140 
Ruby-crowned Kinglet (Regulus calendula) 1.09 8.4 6.1 51 29 
Golden-crowned Kinglet (Regulus satrapa) 1.54 11.9 5.1 61 37 
Totals 599 253 
Foliage-Seed ’ 
Clark Nutcracker (Nucifraga columbiana) 2.64 20.3 130.0 2639 609 
Pine Grosbeak (Pinicola enucleator) 0.45 3.5 51.0 179 55 
Siskin (Spinus pinus) 0.18 1.4 12.1 17 
Totals 2835 672 
Timber-Searching 
Mountain Chickadee (Parus gambeli) 0.91 7.0 12.0 84 40 
Creeper (Certhia familiaris) 0.55 4.2 8.0 34 18 
Red-breasted Nuthatch (Sitta canadensis) 0.45 3.5 10.1 35 18 
Totals 153 76 
Timber-Drilling 
Hairy Woodpecker (Dendrocopos villosus) 0.36 2.8 69.8 195 55 
Arctic Three-toed Woodpecker 
(Picoides arcticus) 0.09 0.7 73.2 51 14 
Totals 246 69 
Ground-Insect 
Robin (Turdus migratorius) 0.45 3.5 88.0 308 80 
Chipping Sparrow (Spizella passerina) 0.36 2.8 12.2 34 16 
Hermit Thrush (Hylocichla guttata) 0.45 Sa 25.6 90 34 
Swainson Thrush (Hylocichla ustulata) 0.36 2.8 30.0 84 30 
Totals 516 160 
Ground-Seed 
Oregon Junco (Junco oreganus) 0.91 7.0 7 124 53 
Cassin Finch (Carpodacus cassinii) 0.18 1.4 27.6 39 14 


Totals 163 67 
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STANDING CROP BIOMASS 


lodgepole lodgepole-spruce-fir spruce- fir 


CONSUMING BIOMASS 


Fig. 2. Diagram of biomass values of the avifaunas of the three 
coniferous forest communities. The total length of each bar is 
proportional to the biomass in grams. For abbreviations, see 
table 8, and for actual biomass values, see tables 2, 3, and 4. 


7600 feet, than the previous transect. The trees are large and mature, forming a semi- 
closed canopy sixty to one hundred feet from the ground. The canopy is locally inter- 
rupted by openings resulting from rock outcrops or windfalls. Moss grows on the tree 
trunks. The understory is a mixture of leafy shrubs: Vaccinium, Lonicera, Rubus, 
Ribes and Amelanchier. Seedlings of the dominant trees are also present. There is a 
fairly thick layer of duff over the ground in most places, and large boulders, some eight 
to ten feet in diameter, protrude through the understory. Several small streams cross 
the transect, and in one place the transect parallels the river of the canyon. 

It seems reasonable to postulate that these three vegetation-types represent two suc+ 
cessional stages plus an intermediate mixture of the series for this location. One is led to 
this view by seeing that alpine fir is replacing the lodgepole forest in transect 1. Fur- 
thermore, in transect 3 the Engelmann spruce, alpine fir and Douglas fir are all replacing 
themselves. All three communities stand on the same soil (Fryxell, 1930), namely glacial 
moraine composed chiefly of gneiss derived from parent material higher in the canyon 
itself, 

DECIDUOUS VEGETATIONS 

Willow-sedge swamp (table 5; fig. 1).—A floristic description of this vegetation 

is given by Reed (1952). The transect ran parallel to the dirt road between the Biologi- 
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Table 5 


Willow-Sedge Swamp 


(Distance, 0.5 miles; area, 10 acres; number of counts, 6) 


Species by category 
Air-Perching 
Traill Flycatcher (Empidonax traillii) 
Western Wood Pewee 
(Contopus richardsonii) 


Totals 


Foliage-Nectar 
Calliope Hummingbird (Stellula calliope) 


Totals 


Foliage-Insect 
Yellow Warbler (Dendroica aestiva) 
Yellow-throat (Geothlypis trichas) 
Tolmie Warbler (Oporornis tolmiei) 
Black-headed Grosbeak 
(Pheucticus melanocephalus) 


Totals 


Timber-Drilling 


Yellow-bellied Sapsucker (Sphyrapicus varius) 


Totals 


Ground-Insect 
Robin (Turdus migratorius) 
Wilson Snipe (Capella delicata) 
Fox Sparrow (Passerella iliaca) 
Lincoln Sparrow (Melospiza lincolnii) 
Swainson Thrush (Hylocichla ustulata) 


Totals 


Ground-Seed 
White-crowned Sparrow 
(Zonotrichia leucophrys) 
Song Sparrow (Melospiza melodia) 


Totals 


Mean 
number/ 
count 


5.17 


0.33 


4.33 


10.17 
5.17 
1.00 


0.17 


0.67 


2.17 
1.17 
2.00 
6.50 
0.67 


1.50 
3.00 


Number 
per 100 
acres 


51.7 


3.3 


43.3 


101.7 
51.7 
10.0 


1.7 


6.7 


21.7 
11.7 
20.0 
65.0 


15.0 
30.0 


Mean 
weight, 
grams 


12.7 


14.0 


z5 


9.7 
10.0 
11.4 


46.0 


45.2 


88.0 
100.0 
30.6 
17.5 
30.0 


28.5 
21.0 


Stand- 
ing crop 
biomass, 

grams 

per 100 

acres 


657 


46 


703 


108 
108 
986 
517 
114 


78 


1695 


303 


303 


1910 
1170 
612 
1138 
201 


5031 


428 
630 


1058 





Vol. 59 


Con- 
suming 
biomass, 

grams 
per 100 

acres 


305 


22 


327 


82 


82 


498 
259 
55 


499 
294 
218 
481 

72 


1564 


156 
252 





408 


cal Station and the Jackson Lake Ranger Station on U.S. Highway 26 and 287. The 
Biological Station is 0.8 miles west of Moran at B.M. 6750. The vegetation consists of 
an irregular cover of low willows two to four feet high between which grow sedges and 
grasses. Within the low willow area are groves of large willows ten to twelve feet high. 
The groves are frequently “hollow” or circular with a stand of lush grass in the middle. 
Along the stream courses are willows six to ten feet high in a continuous cover. Moose 
trails criss-cross through the swamp as do the moose themselves at evening. During early 
summer the soil is saturated with water and forms a dark muck. 

Scrub-meadow (table 6).—This transect was made in a mountainside area below 
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Table 6 
Scrub-Meadow 


(Distance, 0.1 miles; area, 2 acres; number of counts, 10) 





Stand- Con- 
ing crop suming 
biomass, biomass, 

Mean Number Mean grams grams 
number/ per 100 weight, per 100 per 100 
Species by category count acres grams acres acres 
Air-Perching 
Traill Flycatcher (Empidonax traillii) 0.2 10.0 12.7 127 59 
Totals 127 59 
Foliage-Nectar 
Broad-tailed Hummingbird 
(Selasphorus platycercus) 0.9 45.0 4.0 180 117 
Totals 180 117 
Foliage-Insect 
Warbling Vireo (Vireo gilvus) 1.2 60.0 11.3 678 330 
Black-headed Grosbeak 
(Pheucticus melanoce phalus) 0.9 45.0 46.0 2070 657 
Tolmie Warbler (Oporornis tolmiei) 1.7 85.0 11.4 969 468 
Yellow-throat (Geothlypis trichas) 0.1 5.0 10.0 50 25 
Totals 3767 1480 
Ground-Insect 
Swainson Thrush (Hylocichla ustulata) 1.0 50.0 30.0 1500 540 
Lincoln Sparrow (Melospiza lincolnit) 1.0 50.0 17.5 875 370 
Chipping Sparrow (Spizella passerina) 0.6 30.0 12.2 366 173 
Robin (Turdus migratorius) 0.3 15.0 88.0 1320 345 
Totals 4061 1428 
Ground-Seed 
Oregon Junco (Junco oreganus) 0.7 35.0 17.7 620 263 
Lazuli Bunting (Passerina amoena) 1.0 50.0 15.0 750 333 
Song Sparrow (Melospiza melodia) 0.5 25.0 21.0 525 211 
White-crowned Sparrow 
(Zonotrichia leucophrys) 0.7 35.0 28.5 998 364 
Totals 2893 1171 


Rockchuck Peak on the shoulder of Indian Paintbrush Canyon at an elevation of 7300 
feet. The vegetation is the product of two principal influences: the small streams which 
run down the face of the peak through the region and keep the soil moist through the 
first half of the summer, and periodic avalanches in the winter and spring which subject 
the vegetation to repeated onslaughts. As a result the area is covered by a scrub of small 
aspens, some only two or three feet high and others five to ten feet high. All are bent 
downhill. Dominant with the aspens are shrubs such as Ceanothus, Lonicera, and Prunus 
and numerous forbs and grasses. In the moister portions are willow groves six feet high 
and larger aspens. Where there is a small level area the soil is deeper and a small grassy 
meadow is formed. Around the margins of the snowtrack, Engelmann spruce and alpine 
fir grow. Similar snowtrack scrub areas, frequently dominated by willows, are found 
throughout the canyons of the Tetons wherever the slope is too great to hold the snow- 
pack through the winter. 
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Flatland aspen (table 7; fig. 1).—-The censuses were made in a series of contiguous 
aspen groves along the west bank of the “Snake-Knee” 0.6 miles east of the Biological 
Station. Each grove is a cluster, some “hollow,” of aspens forty to seventy feet high. 
The center of the grove, if hollow, has many downed logs. The groves form a leafy open 

Table 7 
Flatland Aspen 


(Distance, 0.3 miles; area, 6 acres; number of counts, 5) 








: Stand- Con- 
ing crop suming 
biomass, biomass, 
Mean Number Mean grams grams 
number/ per 100 weight, per 100 per 100 
Species by category count acres grams acres acres 
Air-Soaring 
Tree Swallow (Iridoprocne bicolor) 28.0 467.6 20.0 9352 3787 
Totals 9352 3787 
Air-Perching 
Traill Flycatcher (Empidonax traillii) 2.6 43.4 12.7 551 256 
Western Wood Pewee (Contopus richardsonii) 1.0 16.7 14.2 237 107 
Totals 788 363 
Foliage-Nectar 
Calliope Hummingbird (Stellula calliope) 0.8 13.4 2.5 34 25 
Totals 34 25 
Foliage-Insect 
Yellow Warbler (Dendroica aestiva) 7.6 126.9 9.7 1231 622 
Tolmie Warbler (Oporornis tolmiei) 1.8 30.1 11.4 343 165 
Black-headed Grosbeak 
(Pheucticus melanocephalus) 1.2 20.0 46.0 920 292 
House Wren (Troglodytes aedon) 1.4 23.4 10.5 246 121 
Warbling Vireo (Vireo gilvus) 0.8 13.4 11.3 151 73 
Totals 2891 1273 
Timber-Drilling 
Vellow-bellied Sapsucker (Sphyrapicus varius) 3.0 50.1 45.2 2265 721 
Totals 2265 721 
Ground-Insect 
Flicker (Colaptes cafer) $2 53.4 145.0 7743 1736 
Mountain Bluebird (Sialia currucoides) 1.8 30.1 26.6 801 299 
Robin (Turdus migratorius) 1.8 30.1 88.0 2649 692 
Lincoln Sparrow (Melospiza lincolnii) $2 53.4 17.5 935 395 
Chipping Sparrow (Spizella passerina) 0.8 13.4 12.2 163 77 
Totals 12291 3199 
Ground-Seed 
White-crowned Sparrow 
(Zonotrichia leucophrys) 2.4 40.1 28.5 1143 418 
Oregon Junco (Junco oreganus) 0.4 6.7 17.7 119 50 
Song Sparrow (Melospiza melodia) 0.4 6.7 21.0 141 57 
American Goldfinch (Spinus tristis) 0.4 6.7 12.0 80 38 


Totals 1483 563 
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canopy. Below the canopy the ground is covered with a lush tangle of shrubs; Epilo- 
bium, Potentilla, Geranium and other shrubs as well as grasses and flowering herbs are 
present. Insects are abundant and the ground is usually moist. 

Hillside aspen.—The transect in hillside aspens was made in a grove on the south- 
facing slope just north of Highway 26 and 287, 1.7 miles east of Jackson Lake Ranger 
Station. The elevation is about 6900 feet. In aspect it is a continuous stand of fairly 
closely spaced slender aspens twenty to forty feet high. The understory is a thick rank 
growth of shrubs and grasses with many fallen aspen trunks. Superficially these groves 
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Fig. 3. Diagram of biomass values of the avifaunas of the three deciduous vegetation commu- 
nities. For explanation, see figure 2. For actual biomass values, see tables 5, 6, and 7. 


STANDING CROP BIOMASS 


CONSUMING BIOMASS 


appear similar to those of the flatland aspen, but Reed’s analysis demonstrates that 
there are fewer plant species composing the understory vegetation. No census data are 
given for this transect in the tables, but comments on the avifauna will be made in the 
discussion. 
DISCUSSION 

From the data in the tables and diagrams, certain inferences can be made about 
trophic or feeding relationships and community structure. However, before discussing 
these points it is important to call attention to the relationship between size of bird and 
required food intake. Large birds consume less oxygen and hence require less food per 
gram of body weight than small birds (Benedict, 1938; Brody, 1945). It follows that, 
from a community standpoint, a larger standing crop can be maintained on the same 
energy supply with large birds than with small ones. Also, large birds are not so sensi- 
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tive to short term fluctuations in the food supply (Kendeigh, 1945). If two birds, alike 
in other respects, have ten per cent of their body weight present as stored food, a bird 
of 50 grams, for example, will last 1.6 times as long without food under a given set of 
conditions as a bird of 10 grams. Large size is not an unmixed blessing, however; a large 
bird eats more than a small one. Like all birds, they require that their food items be 
concentrated enough in location or present in large enough pieces so that they gain more 
energy from the food than they expend in gathering it. 

Were the size-food requirement the only force operating, the avifauna would come 
to be entirely large birds. What brings about, then, the inclusion of small birds in an 
avifauna? It seems likely that natural selection acting on individuals of each species 
exerts a selection on the structure of the ecosystem to produce the most efficient utiliza- 
tion of the energy available under a given set of conditions (Allee, et al., 1949: 695- 
729). Under this selective pressure no energy source remains unexploited for long. Much 
of the energy of the community is trapped in small particles of matter such as seeds, egg 
masses of spiders, scale insects and the like. Since only a small bird having specialized 
feeding apparatus and habits can gather these small particles efficiently, the avifauna 
comes to be composed of birds of a variety of sizes corresponding to the feeding niches 
available. But within each feeding niche the advantage of larger size still operates, and 
it would appear that each species tends toward the largest size that its feeding proce- 
dures will permit. 

These relationships play an important role in determining avifaunal structure of a 
community as will be illustrated in the remarks which follow. 

The three coniferous forest types, for reasons already given, I regard as successional 
stages in a series, lodgepole pine being earliest and spruce-fir latest. It is apparent when 
one walks through these three forests that from the lodgepole to the spruce-fir there is 
a progressive increase in green leaf surface. The canopy in the spruce-fir forest is thicker 
and more nearly complete and the forest floor is in darker shade. At the same time the 
plant understory is more complete than in the lodgepole forests. It seems evident that 
the spruce-fir forest is trapping a larger amount of solar energy and that the flow of 
energy through the community is therefore greater than through the lodgepole forest. 

In the avifaunas of these forests parallel differences exist as can be seen in the tables 
and diagram. As succession proceeds from the lodgepole stage to the spruce-fir stage, the 
number of species of birds in the avifauna increases. A similar increase has been found 
in other successions (Kendeigh, 1946, 1948; Odum, 1950; Johnston and Odum, 1956). 
Moreover, the increase is not an increase in the number of species feeding in the canopy 
and a decrease in the birds feeding on the ground but an increase in all categories. These 
changes may be interpreted as reflecting the increase in complexity of the vegetation. 
The changes suggest that in early seral stages only sufficient food energy is present in a 
given stratum or feeding category to support a few generalized species. As the commu- 
nity matures, enough energy flows through the stratum so that it may be partitioned 
between a number of specialized species. When this happens, one may presume that the 
generalized species, if they are to remain in the avifauna, are forced by competition to 
adopt more specialized feeding habits themselves. 

Not only does the number of species increase but the biomass values also increase 
from early to late successional stage. Standing crop biomass increases by over four times 
and consuming biomass by nearly that much. 

There is a change in the ratio of consuming biomass to standing crop biomass from 
early to later successional stage (table 8). In the lodgepole avifauna it is 0.35, in the 
lodgepole-spruce-fir 0.32, and in the spruce-fir 0.29, a progressive and regular decrease 
in this ratio. This means that there is a progressive increase in the percentage of the bio- 
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Fig. 4. Graphs of avian standing crop biomasses (solid line) and consuming biomass-standing crop 
biomass ratios (broken line) in stages of the Wyoming coniferous forest, beech-maple-hemlock, 
beech-maple-pine, and oak-hickory successions. Stages of each succession are plotted as abcissae. 


mass of the avifauna present as larger species. Applying the generalizations discussed 
above, it becomes evident that the later successional stage is supporting a larger biomass 
on a given energy budget than is the earlier stage. The avifauna of spruce-fir commu- 
nity then can be said to have not only a greater energy flow through it but a greater 
efficiency in utilizing this energy. 

Censuses of birds are known to have high variances regardless of the methods em- 
ployed (Dice, 1952:76—78), so it is well to be cautious in generalizing from such data. 
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Table 8 


Biomass Values per 100 Acres, and Ratios 











Standing crop Consuming 
biomass, grams biomass, grams Ratio 
Lodgepole pine, table 2 
Primary consumers 643 198 
G-S, F-S 
Secondary consumers 334 142 
G-I, T-S, F-I 
Totals and ratio 977 340 0.35 
Lodgepole-spruce-fir, table 3 
Primary consumers 1779 453 
G-S, F-S 
Secondary consumers 1415 554 
G-I, T-D, T-S, F-I 
Totals and ratio 3194 1007 0.32 
Spruce-fir, table 4 
Primary consumers 2998 739 
G-S, F-S 
Secondary consumers 1558 574 
G-I, T-S, T-D, F-I, A-P 
Totals and ratio 4556 1313 0.29 
Willow-sedge swamp, table 5 
Primary consumers 1469 586 
G-S, T-D, F-N 
Secondary consumers 7429 2728 
G-I, F-I, A-P 
Totals and ratio 8898 3314 0.37 
Scrub-meadow, table 6 
Primary consumers 3073 1288 
G-S, F-N 
Secondary consumers 7955 2967 
G-I, F-I, A-P 
Totals and ratio 11028 4255 0.39 
Flatland aspen, table 7 
Primary consumers 3782 1309 
G-S, T-D, F-N 
Secondary consumers 25322 8622 
G-I, F-I, A-P, A-S 
Totals and ratio 29104 9931 0.34 


Abbreviations: A-S, air-soaring; A-P, air-perching; F-N, foliage-nectar; F-I, foliage-insect; 
F-S, foliage-seed; T-S, timber-searching; T-D, timber-drilling; G-I, ground-insect; G-S, ground-seed. 


But two of the graphs, that of the beech-maple-hemlock of New York and the beech- 
maple-pine of Michigan show the same consistent increase in standing crop biomass 
from early to late stage as is shown by the Wyoming graph, and the graph of the oak- 
hickory of Georgia shows the same general trend with a sharp dip in the middle. What- 
ever the interpretation of the entire trend of the Georgia graph, the trend in the latter 
half of the succession is consistently upward. It seems quite reasonable to conclude, 
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then, that we may expect to find in a great many successions an increase in standing crop 
biomass from early to late seral stages. This parallels the increases in numbers of species 
of birds and of individuals which we have come to expect from earlier studies. 

The trend in the value of the ratio of consuming biomass to standing crop biomass 
is really of more fundamental import than the standing crop biomass. Remembering 
that the efficiency in energy utilization of the avifauna of a community is concluded to 


Table 9 


Numbers of Species 


Vegetation-type 


Lodge- Lodgepole- Spruce- Willow- Scrub- Flatland 
Feeding category pole spruce-fir fir sedge meadow aspen 

Air-Soaring sade Ag eit eve pane 1 
Air-Perching ee it 1 2 1 2 
Foliage-Nectar nas ssa ais 1 1 1 
Foliage-Insect 2 4 4 - + 5 
Foliage-Seed 3s 2 3 
Timber-Searching 1 3 3 abi 
Timber-Drilling sae 1 2 1 edd 1 
Ground-Insect 1 2 4 5 4 5 
Ground-Seed 1 2 2 2 4 4 
Totals _— _ _ _ _— — 

8 14 19 15 14 19 


be inversely proportional to this value, a declining value or slope should be read as indi- 
cating an increase in efficiency. We have already noted that such an increase in efficiency 
can be seen in the Wyoming coniferous succession. In the successions from the eastern 
United States a similar increase in efficiency can be seen clearly in the beech-maple- 
hemlock of New York, an initial high efficiency followed by a decline and then a rise 
in efficiency in the later stages in the Georgia succession and an irregular pattern of 
values in the succession in Michigan which might possibly be interpreted as showing a 
slight overall increase in efficiency, although it does very little to support a generalization 
one way or another. 

From the graphs it is possible to say that frequently succession in avifaunas will 
show an increase in efficiency with seral progression, the avifauna of the climax com- 
munity being the most efficient in energy utilization. 

Parenthetically, an illustration of the value of this type of study in community ecol- 
ogy may be inserted. While I was in Wyoming I heard plant ecologists debating whether 
the alpine fir-Engelmann spruce forest was the climax vegetation of the Teton canyons 
or not. Now, it will be noticed that in the graphs of the eastern successions the subclimax 
has a standing crop biomass that is nearly as great as or is greater than that of the climax. 
By analogy then, one might argue that the spruce-fir is probably not the climax but the 
subclimax. The climax is perhaps some other community which has been removed either 
by lumbering or fire, possibly Douglas fir, as some botanists believe. 

It will be noticed that in the avifaunas of the coniferous forests the biomass of pri- 
mary consumers or herbivores exceeds that of the secondary consumers or carnivores 
while in the deciduous forest avifaunas just the reverse relationship exists. This would 
seem to be a significant and fundamental difference between these two types of avifaunas. 
However, no such relationship seems to exist in the examples from the eastern United 
States, so there is no way of assessing the importance of this observation until more 
information from other areas becomes available. 

The three deciduous vegetation communities do not stand in any relationship to one 
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another in succession. They are in fact very likely to be members of different succes- 
sional series. The flatland aspen and willow-sedge swamp communities are both on soil 
the parent material of which is outwash or till from Pinedale glaciers from the north. 
The principal constituent is quartzite, whereas the scrub-meadow community is on the 
same gneiss-dominated moraine soil as are the coniferous forest communities. All three 
communities have high ground moisture, especially the swamp which is covered with 
water during the early summer. In spite of these differences, the structures of the vegeta- 


Table 10 


Avifaunal Characteristics of Three Successions of the Eastern United States* 


Beech-maple-hemlock, New York (Kendeigh, 1946) 


: ; Beech- 
Mixed shrubs and small trees Siaieiteete. maple- 
Early Middle Late beech hemlock 
Standing crop 
biomass, gms. 2451* 3347 6255 8967 8902 
**CB/SCB ratio 0.46 0.36 0.32 0.30 0.26 
Beech-maple-pine, Michigan (Kendeigh, 1948) 
Aspen- Beech- 
Grass- red Pine- Cedar- Cedar- maple- 
land maple aspen aspen balsam pine 
Standing crop 
biomass, gms. 3930 6038 8405 8238 9249 8989 
CB/SCB ratio 0.33 0.26 0.30 0.32 0.28 0.30 
Oak-hickory, Georgia (Johnston and Odum, 1956) 
Oak- 
Grass-forb Grass-shrub Pine forest hickory 


1 2 1 2 1 2 3 4 


Standing crop 
biomass, gms. 1210 2742 5703 4453 3460 4317 6582 11419 11215 
CB/SCB ratio 0.31 0.32 0.34 0.40 0.37 0.43 0.39 0.36 0.36 


* Quantities expressed on basis of 100 acres for each community. 
** Consumer biomass-standing crop biomass ratio. 


tion of the willow-sedge swamp and the mountainside scrub-meadow communities are 
very similar. Although the numbers of species in the two avifaunas are nearly the same, 
the willow-sedge swamp avifauna shows slightly more diversity into different niches and 
a lower ratio of consumer biomass to standing crop biomass and hence higher efficiency. 

The standing crop biomass for the flatland aspen avifauna is certainly too large. 
Many of the birds in those groves, such as robins and flickers, do a considerable part 
of their feeding outside the groves. It is impossible to estimate what percentage of their 
energy comes from outside the groves, but even if the value for the standing crop bio- 
mass for the whole avifauna were cut in half, it would still be a figure comparable in size 
with those for the two other deciduous-vegetation communities. 

We may compare this figure with that of the hillside aspen groves. It was mentioned 
earlier that these groves appear superficially similar to some of the flatland groves, and 
one might infer that many of the same niches should be present. These hillside groves, 
because of soil characteristics and slope are drier than the flatland groves. Furthermore, 
the two types “differ markedly from a floristic point of view” (Reed, 1952:710). The 
hillside community shows a much less varied flora than that of the flatland, having only 
about half the number of shrubs, forbs, and grasses. It seems likely that the metabolic 
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efficiency of the hillside groves is also less than that of the flatlands, although it would 
not be obvious from their appearance. Significantly the avifauna also is impoverished, 
in fact more markedly than the flora. I found the following species established in the 
hillside grove: Warbling Vireo, Lazuli Bunting, Black-headed Grosbeak, Western Tan- 
ager, Audubon Warbler (doubtful), Yellow-bellied Sapsucker, and Western Wood Pe- 
wee. In counts on a transect of the same size as that in the flatland aspen the maximum 
number of individuals found of all species combined was fourteen; more often it was 
five to ten. When compared with the flatland groves, the difference is impressive. The 
avifaunas appear not only to respond in the same way as the plants to the two sets of 
conditions, but in an even more extreme manner. 

It now remains to combine all the relationships discussed into a unified statement 
regarding avifaunas and their place in the communities of which they form a part. The 
community in the sense of an ecosystem undergoes a series of integrated changes as suc- 
cession proceeds toward the climax. The avifaunal constituent of the community par- 
ticipates in these changes in a regular and apparently predictable pattern. This pattern 
consists of the following increases: numbers of species, reflecting an increase in diver- 
sity of habitat; numbers of individuals; standing crop biomass; and, in the latter stages 
of the succession, greater efficiency and stability of the avifauna judged by its utilization 
of the energy resources of the community. The highest standing crop biomass occurs in 
either the subclimax or climax. The energy flow through the avifauna, as indicated by 
consuming biomass, increases from early to later stages. 

The avifauna is a constituent of the community integrated with the rest of the eco- 
system in development during succession. The question now arises as to how close this 
integration is. Does the avifauna parallel precisely or nearly precisely the development 
in energy utilization of the entire ecosystem? If it does, then a measure of the energy 
metabolism of the avifauna will provide an index of the metabolism of the entire com- 
munity to be used for comparisons between stages in the succession and between eco- 
systems. There is not nearly enough information available now to form a basis for an 
answer to this question. Palmgren (1928) found that in the avifaunas of the forests of 
Finland the number of birds was greater in the more productive forest-types. In Wyom- 
ing, the consuming biomass of the avifaunas increases with community succession in the 
coniferous forests and parallels soil and vegetation characteristics in the aspen groves. 
All of these circumstances suggest that a relationship probably exists between avifaunal 
biomass and community energy utilization. 


SUMMARY 


Censuses by strip transect of bird populations in six vegetation types at Jackson 
Hole, Wyoming, have been made. The three coniferous vegetation types are lodgepole, 
lodgepole-spruce-fir, and spruce-fir. These three are regarded as a successional sequence. 
The three deciduous forest types are willow-sedge swamp, scrub-meadow, and flatland 
aspen. 

The avifauna of each community has been analyzed into categories on the basis of 
feeding habits. Standing crop biomasses (total weight of living material) for each cate- 
gory and avifauna have been calculated. A consuming biomass of an avifauna is defined 
as the sum of species consuming biomasses. These are calculated by multiplying number 
of individuals times the mean weight of the species to the 0.7 exponent. Grams of con- 
suming biomass are regarded as equivalent in terms of food consumption regardless of 
size of species. Total consuming biomass is taken as an index to energy metabolism by 
an avifauna. The efficiency of a species in energy use is proportional to its size. As a 
product of this relationship, the efficiency of an avifauna is indicated by the proportion 








392 THE CONDOR Vol. 59 


of its biomass made up of large birds. This value is measured by the ratio of consuming 
biomass to standing crop biomass. The smaller the value, the greater is the efficiency. 

In the coniferous forest avifaunas an increase has been found in standing crop bio- 
mass and in efficiency, as measured by the ratio of consuming biomass to standing crop 
biomass, as succession proceeds toward the climax. Similar relationships have been found 
in the avifaunas of three successions of the eastern United States reported in the litera- 
ture: oak-hickory of Georgia, beech-maple-hemlock of New York, and beech-maple-pine 
of Michigan. 

In the avifaunas of Jackson Hole those of the coniferous forest have a greater herbi- 
vore (primary consumer) biomass than they do carnivore (secondary and tertiary con- 
sumer) biomass. In the deciduous forest avifaunas the relationship is reversed. 

Willow-sedge swamp and scrub-meadow avifaunas of Jackson Hole are of about 
equal standing crop biomass, but that of the willow-sedge swamp is more diversified, 
having more species in more categories. 

The avifaunas of the aspen groves parallel in a magnified way, in their species compo- 
sition and biomasses, differences in floristics of hillside aspen and flatland aspen groves. 
Hillside aspen groves, which have about half the number of species of plants present in 
flatland groves, also have a meager avifauna. The avifauna of the flatland groves is rich 
and varied and has a large standing crop biomass. 

It is suggested that avifaunal size and efficiency in energy metabolism may prove to 
reflect ecosystem functions accurately enough so that avifaunal characteristics may be 
used as indices of the metabolism and efficiency of the entire biotic community. 


LITERATURE CITED 


Allee, W. C., Emerson, A. E., Park, O., Park, T., and Schmidt, K. P. 
1949. Principles of animal ecology (W. B. Saunders Co., Philadelphia), xii+837 pp. 
Benedict, F. G. 
1938. Vital energetics, a study in comparative basal metabolism (Carnegie Institute of Washing- 
ton, Washington, D.C.), vii+-215 pp. 
Brody, S. 
1945. Bioenergetics and growth (Reinhold Publ. Corp., New York), xii+1023 pp. 
Corti, U. A. 
1952. Die Vogelwelt der schweizerischen Nordalpenzone (Bischofberger and Co., Chur, Switzer- 
land), 384 pp. 
Dawson, W. R. 
1954. Temperature regulation and water requirements of the brown and Abert towhees, Pipilo 
fuscus and Pipilo aberti. Univ. Calif. Publ. Zool., 59:81-124. 
Dice, L. R. 
1952. Natural communities (Univ. Mich. Press, Ann Arbor), x-+-547 pp. 
Elton, C. S., and Miller, R. S. 
1954. The ecological survey of animal communities: .. . Jour. Anim. Ecol., 42:460-496. 
Fryxell, F. M. 
1930. Glacial features of Jackson Hole, Wyoming. Augustana Library Publications Number 13 
(Rock Island, Illinois), 129 pp. 
1938. The Tetons (Univ. Calif. Press, Berkeley), ix+-77 pp. 
James, P. E. 
1936. Regional planning in the Jackson Hole country. Geog. Rev., 26:439-453. 
Johnston, D. W., and Odun, E. P. 
1956. Breeding bird populations in relation to plant succession on the Piedmont of Georgia. 
Ecology, 37:50-62. 


Se 


pee a 


Ss 


—————————— 





Nov., 1957 ANALYSIS OF WYOMING AVIFAUNAS 393 


Kendeigh, S. C. 
1945. Resistance to hunger in birds. Jour. Wildlife Management, 9:217-226. 
1946. Breeding birds of the beech-maple-hemlock community. Ecology, 27:226-245. 
1948. Bird populations and biotic communities in northern lower Michigan. Ecology, 29:101-114. 
1949. Effect of temperature and season on energy resources of the English sparrow. Auk, 66: 


113-127. 
Miller, A. H. 
1937. Biotic associations and life-zones in relation to the Pleistocene birds of California. Condor, 
39:248-252. 
1955. The avifauna of the Sierra del Carmen of Coahuila, Mexico. Condor, 57:154-178. 
Palmgren, P. 
1928. Zur Synthese pflanzen- und tierdkologischer Untersuchen. Acta Zool. Fennica, 6:1-51. 
Reed, J. F. 
1952. The vegetation of the Jackson Hole Wildlife Park, Wyoming. Amer. Midl. Nat., 48: 
700-729. 
Salt, G. W. 


1952. The relation of metabolism to climate and distribution in three finches of the genus 
Carpodacus. Ecol. Monog., 22:121-152. 
1953. An ecological analysis of three California avifaunas. Condor, 55:258-273. 
Seibert, H. C. 
1949. Differences between migrant and non-migrant birds in food and water intake at various 
temperatures and photoperiods. Auk, 66:128-153. 
Snyder, D. P. 
1950. Bird communities in the coniferous forest biome. Condor, 52:17-27. 
Turcek, F. J. 
1952. Ecological analysis of the bird and mammalian population of a primeval forest on the 
Pol’ana-Mountain (Slovakia). Bull. Internat. Acad. Tcheque Sci., 53(3):1-25. 


Department of Zoology, University of California, Davis, California, March 31, 1957. 











394 Vol. 59 


AVIAN ANATOMY AND THE ANATOMIST 
By M. JOLLIE 


Berger (1956a) summarized the anatomical variations found in man in four areas 
of study, namely neurology, myology, osteology, and angiology, with the purpose of 
demonstrating the kinds of variation to be expected and evaluated in birds. I would like 
to discuss the obvious, additional category, variations attributable to the anatomist and 
not to the anatomy of the subject. 

An example of an area of disagreement in interpretation is supplied by the descrip- 
tion of the muscle known as the “expansor secundariorum” of the pigeon presented by 
Berger (19565). The “expansor secundariorum” is an extremely difficult structure to 
study, lying as it does embedded in the subcutaneous connective tissue and associated 
in part with the strong bracing connective tissue behind and within the axilla of the wing. 
I am of the opinion that most anatomists have preferred not to describe this area; there- 
fore, it is with considerable hesitation that I attempt to alter the present concepts. 

I can agree with Berger that sometimes there are two structures involved in this 
complex. Occasionally there is a minute muscle belly which, as in the pigeon, Columba 
livia (fig. 1), arises off the connective tissue band from the axilla and inserts in common 
with the triceps. This muscle is properly, as suggested, a part of the triceps; it can be 
identified as the pars axillaris. The main “muscle” is a part of a complex or series which 
is not clearly understandable in terms of Berger’s description, in which it is assumed 
that the muscle fibers associated with the axillary tendon form the belly of a skeletal 
muscle. 

Before discussing the muscle let us consider its “tendon,” which may be but one 
band within the connective tissue of this area. This connective tissue has the function 
of holding the skin tightly to the base of the wing. Fibers extend out to the skin from 
the region of insertion of the latissimus dorsi and also from behind the shoulder joint 
and from the strong connective tissue enclosing the axillary nerves and blood vessels. 
Within the axillary mass, and sometimes dorsally, small bands frequently can be de- 
tected and occasionally these are continuous with the “tendon” described for the “ex- 
pansor secundariorum.” Even when such a “tendon” is lacking, a “vestigial” attachment 
may be observed in the axilla. Dorsally there may be a strong connective tissue brace 
for the humeral (better called scapular) tract of feathers. 

The relationship between the muscle fibers of the “expansor secundariorum” and the 
band of connective tissue from the axilla is a direct one, since this band is a functional 
response to the need for anchorage of a part of this muscle complex (therefore not 
really in disagreement with Fiirbringer, 1902:575). This band may be used in the origin 
of other parts; it may be an important area of origin. The configuration of the base of 
the wing apparently determines whether an axillary connective-tissue band is needed. 

Because of its erratic functional nature and because it is not associated primarily 
with a skeletal muscle, this band is not properly a tendon. It might best be called a 
secondary tendon or brace. In the case of the passerines (fig. 2) the axillary accessory 
is replaced by a marginal one. The explanation may be that the dorsal brace to the scap- 
ular (humeral) tract functionally replaces the more ventral one. The axillary “tendon” 
is not a vestige of a once better developed muscle; it is a specialization in those species 
where it occurs. 

The muscle fibers in question are modified from those associated with the feathers; 
these are typically diagonally disposed. The “expansor secundariorum” is made up of 
a well-developed group of such feather muscles which serves two purposes: (1) depres- 
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sion of the secondaries and tertiaries (that is, it resists their upward displacement in 
flight) and (2) drawing them medially so as to increase the support area of the inner 
wing. The depressors of the secondaries arise off the thickened fascia of the posterior 
ventral margin of the wing; medially this is anchored to the distal end of the humerus 
(or the humeroulnar ligament) and braced in the pigeon by the tendon-like band from 
the axilla. The depressors become weaker as one proceeds distally along the ulna four 
or five secondaries. There is a smaller series of antagonistic dorsal muscles for the sec- 
ondaries and their coverts. 
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Fig. 1. Dorsal view of dissected wing of the pigeon, Columba livia 










The description (and figures) of the expansor secundariorum of the Crow (Corvus 
brachyrhynchos) by Hudson and Lanzillotti (1955) does not apply to the Raven (Cor- 
vus corax). In this latter species (fig. 2) there is no axillary band but there is one which 
extends from the fibers of the depressor-adductors of the tertiaries to the posterior end 
of the scapular (humeral) tract of feathers (at the insertion of the pars metapatagialis 
of the serratus muscle). This same area is braced by connective tissue extending back 
from the axilla and from the shoulder area in general. 

The marginal connective tissue band of the metapatagium lies below the quills of 
the tertiaries and is continuous with their sheaths. Midway toward the elbow, muscle 
fibers arise off the skin and from this band; these insert in part on the connective tissue 
sheaths of the inner tertiary quills. Many of the fibers parallel the line of the band and 
continue to the area just before the elbow where they insert on the quills of the outer 
tertiaries and the inner secondaries. Hudson and Lanzillotti (op. cit.:23) have described 
the remainder of this series, that is, the depressor fibers of the secondaries. The dorsal 
elevators of the secondaries are very weakly developed in the Raven. 

Berger (19565:153) has pointed out that the “expansor secundariorum” is com- 
posed of smooth muscle fibers while those of the humeral or forearm origin, which de- 
press the secondaries, are striated. Whether a muscle is smooth or striated is dependent 
in part on its function. The assumption that the depressors of the secondaries are part 
of the ‘“M. flexor carpi ulnaris” will have to be demonstrated although this is a pos- 
sibility. 

Another example of difference in interpretation is supplied by description of the pec- 
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toralis as double or single, that is, the pectoralis of the Whooping Crane (Grus ameri- 
cana) is described by Fisher and Goodman (1955:45), as having a superficial and a deep 
layer, whereas I would prefer to describe it as a unit. Garrod (1876:340) listed species in 
which he believed the muscle was double while Gadow and Selenka (1891:243) pointed 
out that the tendency to have semi-separate layers is more marked in young birds. 
Fisher encountered the two-parted condition of the pectoralis in the cathartid vul- 
tures (1946) and assumed (in conversation) that this represented an adaptation for 
soaring. He was much surprised at my report that this muscle did not have two parts in 
the eagles Aquila chrysaétos and Uroaétus audax although there was individual varia- 
tion ranging from slight separation to distinct but incomplete separation. Fiirbringer 
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Fig. 2. Dorsal view of dissected wing of the Raven, Corvus corax; 
muscles overlying the scapula not shown. 


(1888:422) reported the muscle of Uroaétus and Torgos as double; my dissections of 
these genera do not support this conclusion. The problem here is to decide when this 
muscle is double. In my opinion it should be described as two parted only when there is 
total separation as in the cathartids or Fregata. To imply that it is double when in fact 
it is only partly so results in confusion. 

A last example can be drawn from figure 33 in Hudson and Lanzillotti (1955) which 
shows the patagial fan of the Prairie Falcon (Falco mexicanus). In my dissections of 
the genus Falco and related genera I have never observed this style of fan. The difference 
is most likely due to the dissector. This same observation applies to some of the illus- 
trations in Fiirbringer (1888). The problem here is much like that of the metapatagium; 
in the separation of tendinous bands from the sheets of fascia, one really does not know 
where the one begins and the other leaves off; it is a matter of interpretation just how 
the fan should look. For a comparative study, it is necessary that all of the dissections 
be made by a single person. Otherwise the range of variation is greatly increased. Con- 
trasting human and avian anatomy in this respect, it should be pointed out that the 
former is so well known that details can profitably be described; in the latter the gen- 
eral picture is still rather hazy. 

In summary, I would stress the fact that certain aspects of avian anatomy are dif- 
ficult to study and to interpret. What may be recorded in the literature as individual 
variation or specific variation may only be a matter of interpretation. This type of varia- 
tion necessitates continual testing through parallel dissection until such time as our 





Nov., 1957 AVIAN ANATOMY AND THE ANATOMIST 397 


knowledge is sufficient that we recognize significant and real differences when we en- 
counter them. 


The research for this commentary was a part of that directed toward the problem 
of the anatomy and phylogeny of the diurnal birds of prey. This project was supported 
by a National Science Foundation Grant (NSF G-1737). 


LITERATURE CITED 
Berger, A. J. 
1956a. Anatomical variation and avian anatomy. Condor, 58:433-441. 
1956b. The expansor secundariorum muscle, with special reference to passerine birds. Jour. Morph., 
99:137-167. 
Fisher, H. I. 
1946. Adaptations and comparative anatomy of the locomotor apparatus of new world vultures. 
Amer. Midl. Nat., 35:545-727. 
Fisher, H. I., and Goodman, D. C. 
1955. The myology of the whooping crane, Grus americana. Illinois Biol. Monog., 24: viii+127 pp. 
Fiirbringer, M. 
1888. Untersuchungen zur Morphologie und Systematik der Végel zugleich en Beitrag zur anato- 
mie der Stiitz- und Bewegungsorgane (T. J. van Holkema, Amsterdam) 2 vols., xlix+1751. 
1902. Zur vergleichenden Anatomie des Brustschulterapparates und der Schultermuskeln. Jena. 
Zeitschr. fiir Naturwiss., 36:289-736. 
Gadow, H., and Selenka, E. 
1891. Vogel: Aves. I. Anatomischer Theil. Jn Bronn’s Klassen und Ordnungen des Thier-Reichs, 
vol. 6 (Abt. 4) (C. F. Wintersche, Leipzig and Heidelberg) iv-+-1008 pp. 
Garrod, A. H. 
1876. Notes on the anatomy of Plotus anhinga. Proc. Zool. Soc. London (1876) :335-345. 
Hudson, G. E., and Lanzillotti, P. J. 
1955. Gross anatomy of the wing muscles in the family Corvidae. Amer. Midl. Nat., 53:1-44. 


Department of Biological Sciences, University of Pittsburgh, Pittsburgh, Pennsyl- 
vania. 











398 Vol. 59 


FROM FIELD AND STUDY 


Communal Roosting of the Pygmy Nuthatch.—There has always been considerable specu- 
lation, especially among laymen, about where birds go at night. In the light of the following account, 
it seems a singular coincidence that Bent (U.S. Nat. Mus. Bull. 195, 1948:53) observed in his life 
history of the race melanotis of the Pygmy Nuthatch (Sitta pygmaea) that “very little is known about 
where and how birds spend their nights.” 

Some years ago Samuel W. Gadd, a journalist of Colorado Springs, Colorado, and an amateur 
ornithologist, told me of seeing a large number of Pygmy Nuthatches enter an old pine stub at dusk 
in the foothills just west of the Broadmoor section of Colorado Springs. I was unable to investigate 
this matter until early October of the following year at which time I found the location by following 
Gadd’s directions. The tree in question was a very large yellow pine (Pinus ponderosa) which stood 
in the middle of a clearing. It had broken off about 30 feet from the ground, and the trunk which 
remained standing was pierced with holes. Subsequent investigation revealed it to be almost com- 
pletely hollow, so that it consisted mainly of one very large cavity and a few additional minor cavities. 
As I sat at the edge of the clearing waiting for darkness, I heard the chattering of a flock of nuthatches 
approaching through the pines. It was apparent that the flock was quite large. Upon reaching the edge 
of the clearing, some individuals flew directly to the tree and entered the holes in the trunk. Others 
lingered in the surrounding pines investigating the bark and feeding. Eventually the remainder of the 
flock, individually and in small groups, flew to the old pine and disappeared into the holes. At first 
I tried to tally the incoming birds but lost count at 90. I finally estimated that there were at least 150 
individuals roosting together in the trunk, with a minimum of 100 sharing the same cavity. Whether 
this large number of birds represented a single flock or a combination of several smaller flocks is 
unknown. The chattering continued for a short time, and then all was quiet. Before leaving, I tapped 
the trunk and was rewarded with more chattering but no birds flew out. 

More recently Victor Favier, of the University of Colorado Biology Department, brought me the 
mummified remains of nine Pygmy Nuthatches he had found at the bottom of a cavity in a yellow 
pine stub in the foothills west of Boulder, Colorado. The plumages were in excellent condition and 
it was easily determined that the birds were all fully adult. Since then I have investigated seven other 
large dead yellow pine stubs in the same area. Six were empty but from a cavity in the seventh I 
recovered 13 dead Pygmy Nuthatches. The bodies, although desiccated and shriveled by the dry 
climate, were in a remarkable state of preservation. The plumages were nearly good enough for 
museum skins, and once again it was apparent that all the birds were adults. Both of the cavities con- 
taining dead nuthatches were large enough to have accommodated perhaps 40 to 60 birds and there 
was only one entrance hole at the top of each cavity which was deep and cylindrical. 

Although these birds could have been overtaken by any one of a number of calamities, it is at 
least possible that they could have died of suffocation while roosting in large numbers in a poorly 
ventilated cavity. It also seems that this communal roosting behavior of large numbers of Pygmy 
Nuthatches is worthy of note. I have been unable to find reference to such roosting anywhere in the 
literature —OweEN A. Knorr, Institute of Arctic and Alpine Research, University of Colorado, Boulder, 
Colorado, May 16, 1957. 


Southernmost Record of the Blue-winged Teal.—According to Hellmayr and Conover 
(Cat. Birds Amer., 13, pt. 1, no. 2, 1948:333-334) the southern limit of migration of the Blue-winged 
Teal (Querquedula discors), on the west coast of South America, is Lake Junin, Pert, northeast of the 
city of Lima, and on the east coast, French Guiana near Cayenne. On March 31, 1957, a specimen 
of Querquedula discors was taken in Uruguay, about 34° south latitude, near the Brazilian boundary 
and the Atlantic coast. 

The region where the teal was obtained is extraordinarily rich in aquatic birds and migratory 
species, including plovers, terns, snipes, and birds of prey. Wintering ducks are abundant, especially 
the Cinnamon Teal (Querquedula cyanoptera) whose area of dispersal and migratory movements are 
still matters of discussion. 

The record specimen, a male in breeding plumage, was collected by Mr. Enrique Gémez Haedo, 
in the Department of Rocha, within the extensive marshes adjacent to the “Parador La Coronilla.” 
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The measurements are: wing 183 mm.; tail 67; culmen 41; tarsus 36.4; middle toe without claw 38.7. 
The skin is now deposited in the private collection of Rodolfo Escalante (Montevideo, Uruguay). 

In view of the present record, the Blue-winged Teal may be added to the list of birds of Uruguay. 
Whether it is a regular or an accidental visitor is as yet uncertain, but this discovery marks the south- 
ern limits of migration as presently known—Ropotro EscaLANTE and Enrique Gomez Haepo, 
Montevideo, Uruguay, July 17, 1957. 





Fig. 1. Adult and two young of Galapagos Penguin at nest on Fernandina Island. 


Nest of the Galapagos Penguin.—The nest of the Galapagos Penguin (Spheniscus mendiculus) 
has apparently not been reported previously. In the course of the Walt Disney photographic expedition 
to the Galapagos Islands, a nest of this bird was photographed on August 1, 1954, and it was observed 
on several later dates. The nest was located near Punta Espinosa, Fernandina Island, and it contained 
two downy young. The site was a rock cranny seven feet above high water. It was protected from 
direct sun by a lava slab, but aside from that it was an open and relatively exposed nesting site. On 
each of the five occasions that the nest was examined an adult bird was with the young. 

There were many adult penguins in the area of Bolivar Canal at this time, and on several occasions 
groups of over 200 individuals were observed feeding in flocks with Brown Pelicans (Pelecanus occi- 
dentalis) and Noddy Terns (Anoiis stolidus). 

In this area on Fernandina Island, adult penguins were often observed to disappear into deep lava 
cracks and potholes that extend for many yards into the jumbled rock piles of the shore. From deep 
holes of this kind, calls similar to those made by the nestling penguins were heard at several locations 
other than at the exposed nesting site. For this reason, and because no other exposed nests were found, 
I believe that the exposed site is less typical of the Galapagos Penguin than are the deeply hidden 
sites from which the calls of other nestlings were heard—Jackx C. Courrer, Hollywood, California, 
July 29, 1957. : 
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Common Grackle in Utah.—On the morning of March 21, 1957, I collected a large icterid, later 
identified by Dr. C. Lynn Hayward as a Common Grackle (Quiscalus quiscula versicolor). It was 
collected from the higher branches of an apple tree on a farm located at 2470 West Street in West 
Provo, Utah County, Utah. This was the only grackle seen in the area. Other species observed in the 
immediate vicinity included the Brewer Blackbird. 

According to William H. Behle, this appears to be the first record of this grackle in Utah con- 
firmed by a specimen. The skin was deposited in the museum collection at Brigham Young University, 
Provo, Utah—Georce M. Tattey, Zoology and Entomology Department, Brigham Young Univer- 
sity, Provo, Utah, May 15, 1957. 


Cattle Egret in Costa Rica.—On December 3, 1954, and for three days thereafter, I observed 
a group of twelve Cattle Egrets (Bubulcus ibis) at Palo Verde, a cattle ranch located in the lower 
Tempisque Valley in the province of Guanacaste, Costa Rica. This is the first record for Costa Rica 
and apparently the first report of the species in Central America north of Panama. 

The birds had established temporary residence close to the hacienda’s ranch house situated some 
75 yards from the muddy edge of some deeply flooded fields. The cowboys, struck by the association 
between these little herons and cattle, claimed to have become aware of the birds only a short time 
before. It would seem, therefore, that the egrets had arrived at about the close of the rainy season. 
They were in their pure white winter plumage. The bill looked entirely yellow in some individuals 
but was orange-yellow in others; the legs were dusky (neither obviously blackish nor greenish). 

Even aside from color characters the birds were distinctive. The bill, and also the neck, were rela- 
tively shorter than in similar species such as the Snowy Egret (Leucophoyx thula) and the Little Blue 
Heron (Florida caerulea). The feathering of the chin seemed to extend well toward the tip of the 
underside of the bill, giving the birds a puffy throated, almost goitrous, look which the Snowy and 
Little Blue lack. Perched, they always kept the neck drawn down into the hunched back; never was 
the neck held curved or even partially arched. Afoot, from a forwardly inclined stance, they would 
occasionally stretch out the neck horizontal to the ground, and they then exhibited peculiar, goose- 
like weaving motions. In flight, the wings were beaten more rapidly than in the other small herons, 
and the general appearance in the air was more gull-like than heron-like. Except when spreading out 
to feed, the birds kept together as a unit when at rest or in flight. They settled on trees or, more often, 
rested individually upon a row of half-drowned fence posts. As regards voice, during the several days 
on which they were observed the birds uttered rarely only a low kruk which was quite different from 
the lengthened, guttural croaks of other small herons. 

When feeding, the Cattle Egrets alighted beside livestock. Indiscriminately they transferred their 
attentions from cattle to horses and pigs, and also from certain individuals to others. They attended 
the animals favored at the moment in the ratio of either one bird to one beast or of several to one. 
With the neck extended, they looked up in an inquiring manner at the grazing horses and cattle, or 
down at a mired pig. The egrets might move up close in order to pluck a parasite from an animal’s 
hide, or seize an insect stirred up in the grass. The livestock appeared oblivious to the birds’ existence. 
When the host beasts moved onward, the birds hurried after them with an odd neck-flopping. Whereas 
other small herons regularly retract the neck or bob the head at each step, the Cattle Egrets extended 
the neck like a goose, a few steps being required for the body to catch up with the head. Among the 
species known to me this gait most resembled that of a Sun-Bittern (Eurypyga helias). From time to 
time a Little Blue Heron would join the Cattle Egrets, not to follow the cows but, possibly, out of 
curiosity or perhaps for company’s sake. The egrets disregarded the visitor, which would fly away 
after a short time ——Pavut Stup, University of Michigan Museum of Zoology, Ann Arbor, Michigan, 
May 2, 1957. 


Black Swan in Kelp off Southern California.—About midday on May 24, Earle G. Cunnison 
and I flushed an adult Black Swan (Chenopis atrata) as we approached the kelp bed off Torrey Pines, 
San Diego, California. At the time we were in a small boat about 300 yards off shore. The swan rose 
about 75 yards ahead of us, flew westward, then circled southward, remaining over the sea at a height 
of less than 50 yards. Grinnell and Miller (Pac. Coast Avif. No. 27, 1944:559) reported that the Black 











Nov., 1957 FROM FIELD AND STUDY 401 


Swan is “sometimes seen out of captivity on lowland bodies of water in company of wild waterfowl.” 
The bird we saw was alone. 

In its native Australia the Black Swan is most abundant in fresh water, but at times it is common 
on salt water, particularly in lagoons and on tidal flats. It generally avoids open, rough water, moving 
as the wind changes to feed in the lee of a bank or point (Mathews, The Birds of Australia, 4, pt. 1, 
1914—1915:12-22, pl. 200). The habitat where the bird reported here was observed therefore seems 
unusual. Inquiry at the San Diego Zoological Garden and from a local bird fancier who keeps Black 
Swans has failed to indicate that any birds of this species have been lost recently —James R. STEWarT, 
Scripps Institution of Oceanography, University of California, La Jolla, California, June 13, 1957. 


Pigeon Wing-beats Synchronized with Breathing.—Moving pictures of a pigeon (Columba 
livia) in flight reveals that it inhales on the upstroke of the wings and exhales on the downstroke. 
The analysis of breathing was aided by fastening a rubber balloon over the bill and external nares 
of the bird, leaving a small area at the rear of the mouth uncovered for an air passage. As the bird 
breathed, the balloon collapsed and expanded. The balloon was left in place for over an hour, and 
the bird showed no signs of distress. The bird was an adult homing pigeon flying free except for a 
long light line secured to a light harness which did not apparently interfere with normal flight. The 
tether kept the pigeon within range of a 16mm. camera. Thirteen complete wing-beat cycles at 48 
frames per second were carefully analyzed with the results stated above, and six more cycles at 32 
frames per second agreed with these results, although they were not as complete. The pigeon was 
photographed in short flights of about 30 feet. The method works very well and should be adaptable 
to other types of birds under different conditions. 


y/ 





Fig. 1. Flying pigeon with balloon on bill. Left, upstroke, showing 
collapsed balloon. Right, start of upstroke with balloon inflated. 


The figure shows on the left a pigeon near the end of an upstroke with the balloon collapsed 
and, on the right, the start of an upstroke with the balloon still expanded from the preceding down- 
stroke. The inhalation begins at this position. These illustrations are copied from 16mm. Kodachrome 
film. A red balloon was used. The collapsed state of the balloon could be readily detected on the film 
by shadows along the sides of the open mouth. Unfortunately these shadows do not show in these 
reproductions. It is suggested that white or yellow balloons be used for better photographic recording 
in future tests—Jack T. Tomutnson, San Francisco State College, California, and Rosert S. Mc- 
Kinnon, Oakland Junior College, Oakland, California, July 1, 19357. 


A Western Representative of the Rufous-sided Towhee Collected in New Jersey.— 
On December 23, 1952, while on the Raritan Estuary Christmas Census, Mr. George L. Daniels and I 
were canvassing a swamp located near Metuchen, Middlesex County, New Jersey. In the process of 
counting the various birds present, my attention was drawn to an unusual towhee which hopped out 








402 THE CONDOR Vol. 59 


of a nearby brush pile. The next day at dawn I was again at the scene and was able to collect the bird. 
The specimen, a female, was examined by H. C. Oberholser and Allan J. Duvall and identified as 
Pipilo erythrophthalmus montanus. It appears that this is the first record of this subspecies east of 
the Mississippi River. The bird was given to the Fish and Wildlife Service and is now no. 421001 in 
that collection—James Bartrp, Norman Bird Sanctuary, Middletown, Rhode Island, June 9, 1957. 


Pale Ouzel Nesting in Korea.—On May 25, 1957, in a grove of small cryptomeria trees 
approximately five miles north of the city of Pusan, Kyongsang Namdo, Korea, a female Pale Ouzel 
(Turdus pallidus) flushed from a nest in a tree directly over my head. The grove was located on arti- 
ficially terraced, reforested mountain slopes surrounding a reservoir. The elevation was estimated as 
approximately 800 feet. The slope was grassy and swampy, and most of the trees ranged from 25 to 
30 feet in height and were about six inches in diameter. 

The nest was located on a small, heavily-foliaged, horizontal branch close to the trunk of the 
cryptomeria tree, approximately 15 feet above the ground. It was constructed of coarse dry grass and 
mud. The cup was lined with rootlets, dry green moss, and several dry,-partly decomposed deciduous 
leaves. The nest measured in outside diameter 12.5 13.0 cm. and was 7.5 cm. in overall height. The 
inside diameter was 78 cm. across the top and was 5 cm. in depth. The nest contained four young 
with eyes still closed, probably two to three days of age. 

The female flushed with considerable wing noise, flew to another cryptomeria about ten feet dis- 
tant, and voiced apparent concern at my presence with frequent sharp “scolding” notes of a typical 
thrush-like quality. As I backed away to collect the bird, it followed me at a distance of 10 to 15 feet. 
The skin was deposited in the Museum of Vertebrate Zoology. 

The adult male was neither seen nor heard during the 45-minute period I spent in the vicinity 
of the nest. As far as I am able to ascertain, this is the first nesting record of this species in Korea — 
CHESTER M. FENNELL, Seoul, Korea, July 16, 1957. 


Another Record of the Shearwater Puffinus puffinus newelli.—Richardson (Auk, 72. 
1955:412) recorded a recently dead example of Puffinus puffinus newelli which flew into the room 
of a building on the Island of Oahu and survived for a short time at the Honolulu Zoo. According to 
Murphy (Amer. Mus. Novit., no. 1586, 1952:11), there were seven previous records of this race of the 
Manx Shearwater, but only two specimens had been preserved. The specimen recorded by Richardson 
apparently, therefore, represented an eighth record and a third specimen. 

A ninth record and a fourth specimen seem worth noting. An adult male shearwater of this form 
was found at Koloa, Kauai Island, on October 8, 1956, and died shortly after arrival at the Honolulu 
Zoo. The specimen was made up by George C. Munro and presented to the Yale Peabody Museum. 
A few notes on color by Mr. Munro may be worth recording: “iris, bright reddish brown; bill black, 
lower part of mandible lighter, with a bluish tinge; legs a fleshy bluish gray color” with the exception 
of the following parts which were black: outer toe, part way up outer part of leg, outer part of second 
toe, and claws. In addition, Mr. Munro notes that the sternum measured three and one-half inches 
in length and that the bird was fully mature, very fat, and seemed if anything rather old; the testes 
were very small. 

In this specimen the under tail coverts are entirely white, the sides of the lower neck and breast 
are blackish, and the area immediately below the eyes is neatly banded with alternate black and white 
feathers that give a mottled effect. The specimen measures: wing (worn) 224 mm., tail (worn) 85, 
culmen 33.5, and tarsus 47.5—S. Ditton Riptey, Peabody Museum, Yale University, New Haven, 
Connecticut, June 11, 1957. 
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NOTES AND NEWS 


The National Science Foundation will award 
grants to defray partial travel expenses for a 
limited number of American scientists who wish 
to participate in the XIIth International Orni- 
thological Congress which is scheduled to meet in 
Helsinki, Finland, June 5 to 12, 1958. 

Application blanks may be obtained from the 
National Science Foundation, Washington 25, 
D.C. Completed application forms must be sub- 
mitted to the Foundation by January 20, 1958. 


The Division of Biological and Medical Sciences 
of the National Science Foundation announces 
that the next closing date for receipt of basic 
research proposals in the life sciences is January 
15, 1958. Proposals received prior to that date 
will be reviewed at the winter meetings of the 
Foundation’s advisory panels and disposition will 
be made approximately four months following 
the closing date. Proposals received after the Jan- 
uary 15, 1958, closing date will be reviewed fol- 
lowing the spring closing date of May 15, 1958. 

Inquiries should be addressed to National Sci- 
ence Foundation, Washington 25, D.C. 


The annual index for The Condor for 1957 was 
prepared by Mrs. Sylvia L. Thomssen, to whom 
members are much indebted for this valuable aid. 


PUBLICATIONS REVIEWED 


AupUBON WESTERN Birp Guipe. By Richard H. 
Pough. Doubleday and Company, Garden City, 
New York, xxxvi+316 pp. June, 1957. $4.95. 


To design and prepare a bird guide that is at 
once useful and authoritative is a difficult task. 
The requirement of compactness competes with 
adequate coverage of fauna and natural history. 
The writing must also reflect not merely sound 
compilation but intimate acquaintance with spe- 
cies. It was the latter attribute that made the 
earlier Hoffmann manual so extremely valuable. 
The new Pough guide, within the limits set for 
it, is well executed, both in writing and illus- 
tration. Where it falls far short of adequacy is in 
plan, for in effect the book is the tag-end of a 
series of manuals and in no sense provides a com- 
plete coverage of the western species. This is 
evident from the following considerations. Only 
those species are treated fully that were not rep- 
resented in the Audubon Water Bird Guide or 
in the Audubon Bird Guide, which latter dealt 
with small land birds of central and eastern North 


America. The author states that there are 614 
species of western North American birds, but of 
these only 203 are given coverage on the subjects 
of identification, habits, voice, and nesting. Thus 
a student of western birds will not be served 
properly unless he has all three guides at hand 
and is prepared to jump back and forth between 
them, using the cross references in the western 
unit. The 411 species that are not covered fully 
are merely entered with a condensed statement 
of range, although quite a few of them are rep- 
resented by additional illustrations in the West- 
ern Guide. Incongruous situations thus arise such 
as limited treatment of the characteristically 
western Verdin, Sooty Shearwater, and Bewick 
Wren whereas there are full accounts of such in- 
consequential vagrants as the Wryneck, Black- 
tailed Gull, and Mountain Accentor. 

There are 340 illustrations in color by Don R. 
Eckelberry. This skilled artist has done his usual 
fine work, although hampered by the requirement 
of severely crowding all of these on to 32 color 
plates grouped in the center of the book. The 
138 black and white illustrations by Terry M. 
Shortt are chiefly of birds in flight and are ar- 
ranged conveniently in the text. Most of these 
are good; only occasionally do they seem to fall 
short of reality, and all are helpful. 

Pough sought aid in writing from Howard C. 
Cogswell, Joe T. Marshall, Jr., Robert W. Storer, 
and Allan R. Phillips. These authors, whose spe- 
cies accounts are initialed, cover approximately 
a third of the 203 forms given detailed treatment, 
the greatest number being contributed by the first 
two persons. All their statements reflect intimate 
acquaintance with the species they report on and 
their own special interests in phases of the birds’ 
natural history. 

The guide benefits from having available the 
scientific and vernacular nomenclature of the new 
5th edition of the A.O.U. Check-list. It wisely 
deals with species almost solely, and only rarely, 
and usually justifiably, refers to a few well- 
marked races. 

In summary, we state our regret that the plan 
of the Audubon guides, rigidly pursued, has led 
to this third volume on western birds which is 
far from ideal in its conception and coverage. 
Indeed the book will prove rather exasperating, 
for one must use it in part for its values of writ- 
ten statement and illustration and yet can not 
really employ it or recommend it as an effective 
western guide—ALpEN H. MILLER. 
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COOPER SOCIETY MEETINGS 
NORTHERN DIVISION 


FEBRUARY.—The monthly meeting of the 
Northern Division of the Cooper Ornithological 
Society was held on February 7, 1957, at the 
University of California, Berkeley. The following 
names were proposed for membership: Mr. Ray- 
mond R. Johnson, 410 Fairmont Avenue, Oak- 
land, Calif., by Alden H. Miller, and Robert S. 
Hoffmann, Department of Zoology, Montana 
State University, Missoula, Mont., by Frank A. 
Pitelka. 

Donald McLean reported that a male Euro- 
pean Widgeon was seen on January 26 on a small 
pond east of King City in Monterey County. 
Paul Covel said that a Barrow Golden-eye was 
seen on Lake Merritt, Oakland, from January 10 
to 17. 

Mr. Carol Ferrel presented a talk entitled: 
“Federal Aid and its Part in California Wild Life 
Management.”—HarrietT P. Tuomas, Acting 
Secretary. 


Aprit.—The monthly meeting of the Northern 
Division of the Cooper Ornithological Society 
was held on April 4, 1957, at the University of 
California, Berkeley. Minutes of the previous 
meeting were read and approved. The following 
names were proposed for membership: Jane Rob- 
erts Durham, 968 Cragmont Avenue, Berkeley 8, 
Calif., by Alden H. Miller, and Charles S. Thaeler, 
Jr., 2214 Haste St., Berkeley 4, Calif., by Frank 
A. Pitelka. 

Dr. Miller announced that he had received a 
letter from Frank Richardson of the University 
of Washington stating that someone had broken 
in and stolen their mounted specimen of the 
Whooping Crane. Jack Guggolz and Laurence 
Curl reported seeing a Baltimore Oriole in Al- 
bany, California, recently. Donald McLean re- 
ported two adult Harris Sparrows approximately 
two weeks ago near Paso Robles, California. 

Dr. Miller commented on the range extension 
of the Chestnut-backed Chickadee; the species 
was seen on March 23 in the cyprus trees along 
the rodeo grounds at Salinas. Florence Plymel 
reported a Barrow Golden-eye on March 10, 15, 
17, and 20 at Palo Alto Yacht Harbor. 

John Davis, speaker of the evening, discussed 
“Winter Invasion of the Clark Nutcracker in the 
Lowlands.”—Lriiu1an K. HENNINGSEN, Secretary. 


May.—The monthly meeting of the Northern 
Division of the Cooper Ornithological Society 
was held on May 2, 1957, at the University of 
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California, Berkeley. The following name was 
proposed for membership: Harold G. Peterson, 
3548 65th Ave., Oakland 5, a joint member of 
the Cooper Society and Western Bird-Banding 
Association, by Junea W. Kelly. 

President McLean said that he was in the Im- 
perial Valley in the Colorado River area in the 
preceding week just in time to witness the arrival 
of the White-winged Doves which apparently 
came in during the night. On Tuesday he saw 
none; on Wednesday he saw one; and by Thurs- 
day there were doves calling everywhere at day- 
light. 

Lee Merriam Talbot gave an illustrated talk on 
“The Spectacular Serengeti, a review of Africa’s 
Plains wildlife migration.”—Harrit P. THomas, 
Secretary, pro tem. 


SOUTHERN DIVISION 


May.—The monthly meeting of the Southern 
Division of the Cooper Ornithological Society 
was held on May 28, 1957, at the Los Angeles 
County Museum. The following names were pro- 
posed for membership: James M. Gates, 421 N. 
Euclid Ave., Tucson, Ariz., by Allan R. Phillips; 
Ronald E. Langston, 48 Kirkwood Lane, Green- 
ville, $.C., by Jack C. von Bloeker, Jr.; Stanley 
B. Mulaik, Zool. Dept. Univ. Utah, Salt Lake 12, 
Utah, by Mrs. Fern Taintor; Lawrence Kilham, 
7815 Aberdeen Rd., Bethesda 14, Md., and Jo- 
seph F. Mount, 10770% Strathmore Dr., Los An- 
geles 24, Calif., by T. R. Howell; Mrs. Alice G. 
Gray, 6645 Heartwood Dr., Oakland 11, Calif., 
and Dr. D. M. Whitelaw, 5760 Marguerite St., 
Vancouver, B.C., by F. H. Boynton; Roland H. 
Wauer, 230 So. 8th St., San Jose, Calif., by F. R. 
Mewaldt; Ruth M. Smith, 1217 Cypress Ave., 
Santa Ana, Calif., by E. N. Harrison; Lawrence 
M. Bartlett, Dept. Zool., Univ. Mass., Amherst, 
Mass., Edward W. Beals, Dept. Botany, Univ. 
Wisconsin, Madison 6, Wis., Reed W. Fautin, 
Dept. Zoology and Physiology, Univ. Wyoming, 
Laramie, Wyo., James M. Hartshorne, 108 Kay 
St., Ithaca, N.Y., Mary Lewis, 925 Dauphine, 
New Orleans 16, La., Henry Milton Reeves, P.O. 
Box 1786, Harlingen, Tex., Stephen M. Russell, 
Mus. Zool., Louisiana State University, Baton 
Rouge, La., Mrs. Ruth E. W. Wheeler, 3 W. Car- 
rillo St., Santa Barbara, Calif., and James R. 
Youse, Lava Beds National Monument, Tulelake, 
Calif., by C. V. Duff. 

Mr. John B. Davidson, speaker of the evening, 
chose as his subject, “Australian Walkabout.”— 
Dorotuy E. Groner, Secretary. 
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INDEX TO VOLUME 59 
By SYLVIA L. THOMSSEN 


A 
Acanthis flammea, 71 
flammea flammea, 334 
Accipiter cooperii, 23, 160, 194, 341 
gentilis, 141, 328 
Acridctheres cristatellus, 66 
cristatellus cristatellus, 66 
grandis, 64, 66 
Actitis macularia, 78, 204 
Aeronautes saxatalis, 145 
Agelaius phoeniceus, 103, 195, 364 
Aimophila petenica, 126 
Aix galericulata, 263 
sponsa, 141, 184, 263 
Alauda gulgula, 65 
Albatross, Short-tailed, 272 
Alcedo alcedo, 223 
semitorquata, 222 
Alectoris graeca, 133, 141 
Alvarez del Toro, Miguel, and Paynter, Raymond 
A., Jr., blue and white swallow in Mexico, 
268 
Amazilia amabilis costaricensis, 84 
edward niveoventer, 270 
tzacatl, 253 
tzacatl tzacatl, 84 
Amazona autumnalis, 79, 108, 109 
autumnalis salvini, 79 
farinosa, 252 
Amazonetta brasiliensis, 184 
Amblycercus holosericeus, 257 
holosericeus holosericeus, 102 
Ammodramus savannarium, 40, 126 
Amphispiza bilineata, 290 
Anas acuta, 179, 248, 328, 340 
americana, 179 
bahamensis, 184 
bahamensis galapagensis, 184 
bernieri, 185 
capensis, 185 
carolinensis, 328 
castanea, 184 
clypeata, 179 
crecca, 179 
cyanoptera, 179, 184 
discors, 179, 248 
erythrorhyncha, 185 
fulvigula, 179, 184 
georgica, 184 
georgica georgica, 185 
leucophrys, 184 
melleri, 185 
penelope, 181 
platalea, 184 
platyrhynchos, 178, 328 


poecilorhyncha, 185 
punctata, 185 
querquedula, 183 
sibilatrix, 184 
smithi, 185 
sparsa, 185 
specularis, 184 
strepera, 179 
undulata, 185 
versicolor, 184 
Anderson, Anders H., and Anderson, Anne, life 
history of the cactus wren. Part 1. Winter 
and prenesting behavior, 274 
Anhinga anhinga, 249 
Anhinga, 249 
Ani, Groove-billed, 79, 252, 253 
Smooth-billed, 253 
Anoiis minutus, 37 
stolidus, 37, 399 
Anser albifrons, 328 
Antbird, Bicolored, 92 
Chestnut-backed, 92 
Dusky, 91 
Nicaraguan, 214 
Spotted, 93 
Anthracothorax prevostii gracilirostris, 83 
Anthus pratensis, 309 
Antpitta, Fulvous-bellied, 93 
Antshrike, Barred, 90 
Fasciated, 90 
Great, 90 
Slaty, 90 
Antthrush, Black-faced, 92, 254 
Ocellated, 93 
Antwren, Dot-winged, 90 
Fulvous-bellied, 90 
White-flanked, 254 
Aphanotriccus capitalis, 96 
Aphelocoma, 195-197 
Aphriza virgata, 329 
Apus apus, 145 
Aquila chrysaétos, 160, 210, 211, 396 
Ara macao, 78 
Aracari, Collared, 85 
Aramides cajanea pacifica, 77 
Aramus guarauna dolosus, 247 
Aratinga astec, 108 
finschi, 78, 108, 252 
Archilochus colubris, 193 
Ardeola bacchus, 65 
Arenaria interpres, 37 
Arremon aurantiirostris rufidorsalis, 107 
Arremonops conirostris, 260 
conirostris lafresnayi, 260 
conirostris richmondi, 107, 260 
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Artamus fuscus, 64, 66 
Arvey, M. Dale, bay-breasted warbler off Cali- 
fornia coast, 268 

Asio flammeus, 332 

Aspatha gularis, 223 

Atticora cyanoleuca patagonica, 97, 268 

Attila, Bright-rumped, 254 

Attila spadiceus, 254 

Auklet, Cassin, 144 

Automolus ochrolaemus, 89 
ochrolaemus amusos, 89 
ochrolaemus cervinigularis, 89, 90 
ochrolaemus hypophaeus, 88-90 

Aythya affinis, 248, 328 
marila, 328 


B 


Baird, James, a western representative of the 
rufous-sided towhee collected in New Jer- 
sey, 401 
Baker, James Kenneth, and Selander, Robert K., 
the cave swallow in Texas, 345 
Baldpate, 179-181, 183, 248, 322, 328, 336 
Bananaquit, 101, 211, 256 
Banks, Richard C., birds mobbing a snake skin, 
213 
Bartholomew, George A., Howell, Thomas R., 
and Cade, Tom J., torpidity in the white- 
throated swift, Anna hummingbird, and 
poor-will, 145 
Bartlett, Lawrence M., and Fisher, Harvey L., 
diurnal cycles in liver weights in birds, 364 
Basileuterus rivularis, 102 
rivularis fulvicauda, 102 
Becard, White-winged, 94 
Behle, William H., and Goates, Wayne A., breed- 
ing biology of the California gull, 235 
Bellbird, Three-wattled, 272, 273 
Bird of Paradise, Long-tailed, 207 
Sickle-billed, 207 
Blackbird, Brewer, 400 
European, 308 
Red-winged (see also Redwing), 364, 366, 
367, 371 
Rusty, 323, 334, 336 
Bluebird, Mountain, 375, 384 
Western, 142 
Bobwhite, 9, 11,.12, 16, 22 
Bobolink, 69 
Bohl, Wayne H., a northern breeding record for 
the Mexican black hawk in New Mexico, 
143 
Bombycilla cedrorum, 193 
garrulus, 70 
Bonasa umbellus, 8, 67, 128, 177 
Bond, R. M., a second record of the yellow- 
bellied sapsucker from St. Croix, Virgin 
Islands, 211; the cattle egret in Jamaica, 
British West Indies, 269 
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Booby, Blue-faced, 37 
Blue-footed, 37 
Brown, 37, 249 
Red-footed, 37 
Branta canadensis, 239, 328 
Brotogeris jugularis chrysopogon, 78, 79 
jugularis jugularis, 78 
Bubo virginianus, 23, 348 
virginianus algistus, 332 
Bubulcus ibis, 143, 400 
Bucephala albeola, 328 
islandica, 341 
Buffle-head, 322, 328 
Bulbul, Chinese, 66 
Yellow-vented, 66 
Bulweria bulwerii, 36 
Bunting, Crested, 66 
Indigo, 193 
Lark, 290 
Lazuli, 383, 391 
Burhinus bistriatus, 126 
Burleigh, Thomas D., unusual early winter rec- 
__ ords from Oregon, 209 
Bushman, John B., and Porter, Richard D., char- 
acteristics and status of the solitary sand- 
piper in Utah, 203 
Bush-tit, 96, 142 
Buss, Irven O., ancient murrelet captured in 
southeastern Washington, 142 
Buss, Irven O., and Farner, Donald S., summer 
records of the golden-crowned sparrow in 
Okanogan County, Washington, 141 
Buteo jamaicensis, 160, 192 
lagopus, 70, 328 
lineatus, 158 
magnirostris, 108, 250, 254 
magnirostris argutus, 76 
Buteogallus anthracinus, 76, 143 
Butorides maculatus, 76 
virescens, 76 


Cc 


Cacique, Yellow-billed, 102, 257 
Cade, Tom J., Bartholomew, George A., and 
Howell, Thomas R., torpidity in the white- 
throated swift, Anna hummingbird, and 
poor-will, 145 
Calamospiza melanocorys, 290 
Calcarius lapponicus alascensis, 335 
Calypte anna, 118-122, 145, 152, 153, 207 
Campylorhynchus brunneicapillus, 53, 55, 57, 274 
brunneicapillus bryanti, 55 
brunneicapillus couesi, 55-57 
brunneicapillus guttatus, 57 
chiapensis, 57 
megalopterus, 57 
rufinucha capistratus, 57 
yucatanicus, 53, 55-57 
zonatus, 57 
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Canachites canadensis, 329 
Capella delicata, 382 
gallinago delicata, 329 
Caprimulgus carolinensis, 125, 126 
maculicaudus, 124-127 
ridgwayi, 126, 127 
salvini, 126, 127 
vociferus, 125, 126 
Capsiempis flaveola, 96 
flaveola semiflava, 96 
Cardinal, 208 
Carpodacus cassinii, 379, 380 
mexicanus, 112, 286 
Caryothraustes poliogaster scapularis, 105 
Casmerodius albus, 141, 343 
Cassidix mexicanus peruvianus, 252 
Catbird, 193 
Catharacta skua, 37 
Cathartes aura, 59, 61, 76, 160, 250 
Catherpes mexicanus, 142, 348 
Catoptrophorus semipalmatus, 252 
Catreus wallichi, 177 
Centrocercus urophasianus, 131, 269 
Centropus bengalensis lignator, 65 
Centurus pucherani, 86, 108, 254 
pucherani perileucus, 87 
pucherani pucherani, 87 
uropygialis, 276, 290 
Cercomacra tyrannina crepera, 91 
Certhia familiaris, 379, 380 
Ceryle alcyon, 217 
rudis, 65 
torquata, 220 
Chachalaca, Chestnut-winged, 77 
Chaetura cinereiventris, 253 
cinereiventris phaeopygos, 82 
vauxi, 140 
vauxi richmondi, 81, 140 
vauxi tamaulipensis, 140, 141 
vauxi vauxi, 140, 141 
Chalybura melanorrhoa, 84, 248 
urochrysia, 84, 85 
urochrysia isaurae, 248 
Chamaea fasciata, 213 
Chamaethlypis poliocephala, 126 
poliocephala caninucha, 102 
Charadrius collaris, 252 
semipalmatus, 142, 329 
Chenopis atrata, 400 


Chickadee, Black-capped, 70, 193, 209, 322, 332, 


333, 335 
Chestnut-backed, 404 
Mountain, 374, 375, 378-380 

Chicken, Prairie, 177 

Chiroxiphia lanceolata, 178 
pareola, 178 

Chlidonias niger, 252 

Chloroceryle amazona, 85, 217 
americana, 85, 217, 254 
americana isthmica, 85 


Chlorophanes spiza arguta, 100 
spiza guatimalensis, 101 
Chlorostilbon canivetii assimilis, 253 
mellisugus, 253 
Chordeiles acutipennis, 151 
minor, 126 
Christensen, Glen C., and Gullion, Gordon W., 
a review of the distribution of gallinaceous 
game birds in Nevada, 128 
Christman, Gene M., some interspecific relations 
in the feeding of estuarine birds, 343 
Chuck-will’s-widow, 125 
Ciccaba virgata, 126 
Circus aeruginosus, 65 
cyaneus, 160 
cyaneus hudsonicus, 328 
melanoleucus, 64, 65 
Cisticola juncidis, 66 
Clangula hyemalis, 328 
Claravis pretiosa, 78 
Coccyzus americanus, 69 
Coereba flaveola, 211, 256 
flaveola mexicana, 101 
Colaptes auratus, 332 
cafer, 384 
Colibri coruscans, 176, 177 
thalassinus, 175 
Colinus virginianus, 9 
Colius striatus, 151 
Colonia colonus, 254 
colonus leuconota, 95 
Columba cayennensis, 252 
livia, 394, 395, 401 
speciosa, 78, 252 
Columbigallina minuta, 126 
talpacoti, 252 
talpacoti rufipennis, 78 
Coly, Speckled, 151 
Condor, California, 59-62 
Contopus cinereus, 255 
cinereus brachytarsus, 95, 255 
richardsonii, 382, 384 
virens, 255 
Copsychus saularis saularis, 66 
Coot, 59, 62 
American, 248, 341 
Coragyps, 62 
atratus, 61, 76, 249 
occidentalis, 59, 61, 63 
Cormorant, 59-62 
Double-crested, 62, 343 
Olivaceous, 249 
Corvus brachyrhynchos, 160, 196, 199, 208, 395 
corax, 59, 70, 395, 396 
corax principalis, 333 
cornix, 170 
corone, 170 
Couffer, Jack C., nest of the Galagapos penguin, 
399 
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Cowan, I. McT., Udvardy, M. D. F., and Myres, 
M. T., the British Columbia nest records 
scheme, 308 

Cowbird, Brown-headed, 116 

Red-eyed, 257 
Crake, Gray-breasted, 77 
Yellow-breasted, 250 
White-throated, 78, 250 
Crane, Sandhill, 141, 272, 322, 329 
Whooping, 396 

Crane-Hawk, 77 

Creeper, 375, 379, 380 

Crossbill, Red, 71 

Crossoptilon, 177 

Crotophaga ani, 253 

sulcirostris, 252, 253 

sulcirostris sulcirostris, 79 
Crow, 62, 160, 165, 395 

American, 196, 208 

Carrion, 170 

European Hooded, 170 

Crow-pheasant, Lesser, 65 

Crypturellus boucardi, 126 

Cuckoo, Squirrel, 79, 252 

Yellow-billed, 69 
Curlew, Hudsonian, 322, 329, 336 
Cyanerpes cyaneus carneipes, 101 
lucidus, 101 

Cyanocitta cristata, 193 

Cyanocompsa cyanoides caerulescens, 105 

Cyanocorax affinis, 256 

Cymbilaimus lineatus fasciatus, 90 

Cyphorhinus phaeocephalus infuscatus, 99 

phaeocephalus lawrencii, 99 
phaeocephalus richardsoni, 99 
Cypseloides cryptus, 82 
niger, 82 
Cyrtonyx montezumae, 3 
montezumae mearnsi, 3, 4-6 
montezumae merriami, 4, 6 
montezumae montezumae, 3-6 
montezumae sallei, 4-6 
ocellatus, 3-7 


D 
Davis, John, determination of age in the spotted 
towhee, 195 
Davis, John, and Williams, Laidlaw, irruptions 
of the Clark nutcracker in California, 297 
Dendragapus obscurus, 128 
Dendrocolaptes certhia hesperius, 87 
certhia nigrirostris, 87, 88 
certhia sancti-thomae, 87, 88 
Dendrocopos albolarvatus, 337 
pubescens, 142, 193 
villosus, 379, 380 
Dendroica aestiva, 102, 210, 382, 384 
aestiva rubiginosa, 333 
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auduboni, 210, 378-380 
castanea, 268 
coronata hooveri, 333 
petechia, 101 
striata, 334 
tigrina, 340 
townsendi, 209, 210 
Dicrurus leucophaeus hapwoodi, 64, 66 
Diomedea albatrus, 272 
Dixon, James B., Dixon, Ralph E., and Dixon, 
James E., natural history of the white- 
tailed kite in San Diego County, Califor- 
nia, 156 
Dolichonyx oryzivorus, 69 
Dove, Blue Ground, 78, 108 
Chinese Spotted, 65 
Mourning, 193 
Plain-breasted Ground, 126 | 
Ring, 369 4 
Ruddy Ground, 78, 108, 252 
Rufous Turtle, 65 
White-winged, 404 
Drongo, Ashy, 66 
Dryocopus lineatus, 87, 254 
pileatus, 208 
Duck, African Black, 185 
Bahama, 184 
Black, 72, 179-181 
Bronze-winged, 184 | 
Galapagos Bahama, 185 
Greater Scaup, 322, 328 
Lesser Scaup, 322, 328 
Marbled, 183 
Meller, 185 
North American Black, 185 
Red-billed, 185 
Spot-billed, 185 
Wood, 141, 184, 263-265 
Yellow-billed, 185 
Dumetella carolinensis, 193 
Dyal Bird, Chinese, 66 
Dysithamnus puncticeps puncticeps, 248 
striaticeps, 248 





E 


Eagle, Bald, 59, 60, 62, 144 
Golden, 60, 144, 160, 210, 211 
Eaton, Stephen W., bird notes from western | 
Kwangsi, China, 64 a 
Eckelberry, Don R., painting of four species of 
Nicaraguan antbirds, opp. 73; painting of 
three-wattled bellbird, opp. 273 ; the three- 
wattled bellbird, 273 
Edwards, Ernest P., yellow-billed cuckoo nesting 
in Yucatan, 69 
Egret, Cattle, 269, 400 
African Cattle, 143 
Common, 141, 343 
Snowy, 343, 400 
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Eisenmann, Eugene, notes on birds of the prov- 
ince of Bocas del Toro, Panama, 247 
Elaenia flavogaster saturata, 96 
flavogaster subpagana, 97 
Elaenia, Yellow-bellied, 96 
Elanoides forficatus, 76 
Elanus coeruleus, 64, 65 
leucurus, 156 
Emerald, Fork-tailed, 253 
Emery, Ruth P., and Ross, R. Dudley, a bobolink 
in southern California, 69 
Empidonax traillii, 382-384 
traillii traillii, 332 
virescens, 211 
Epimachus fastosus, 207 
fastosus fastosus, 207 
meyeri meyeri, 207 
Ereunetes mauri, 329 
Erolia minutilla, 329 
Escalante, Rodolfo, and Haedo, Enrique Gomez, 
southernmost record of the blue-winged 
teal, 398 
Eucometis penicillata spodocephala, 104 
Eupetomena macroura, 176 
Euphagus carolinus, 334 
Euphonia, Olive-backed, 100, 102 
Vellow-crowned, 102 
Eurypyga helias, 400 
Evenden, Fred G., observations on nesting he- 
havior of the house finch, 112 


F 


Fairy, Purple-crowned, 85 
Falco, 396 
albigularis, 108, 109 
albigularis albigularis, 77 
mexicanus, 396 
sparverius, 348 
tinnunculus saturatus, 64, 65 
Falcon, Bat, 77 
Laughing, 77, 250 
Prairie, 62, 396 
Farner, Donald S., and Buss, Irven O., summer 
records of the golden-crowned sparrow in 
Okanagan County, Washington, 141 
Farner, Donald S., and Mewaldt, L. Richard, 
translocated golden-crowned sparrows re- 
turn to winter range, 268 
Fennell, Chester M., pale ouzel nesting in Korea, 
402 
Finch, Black Rosy, 71 
Cassin, 380 
Gray-crowned Rosy, 71 
House, 112, 116, 117, 286, 290 
Slaty, 67 
Fisher, Harvey I., and Bartlett, Lawrence M., 
diurnal cycles in liver weights in birds, 364 
Flicker, 375, 384, 390 
Florida caerulea, 76, 400 


Flycatcher, Acadian, 211 
Boat-billed, 254 
Common Tody, 255 
Chipsacheery, 223 
Dusky-capped, 95, 255 
Gray-capped, 95, 255 
Kiskadee, 95 
Olivaceous, 255 
Olive-sided, 375 
Northern Royal, 96 
Piratic, 254 
Ruddy-tailed, 96 
Scissor-tailed, 144 
Social, 95, 106, 254 
Sulphur-bellied, 95 
Sulphur-rumped, 90, 96 
Tawny-chested, 96 
Traill, 322, 332, 335, 375, 382-384 
Yellow-olive, 96 

Foliage-gleaner, 89 
Buff-throated, 88 

Formicarius analis, 254 
analis umbrosus, 92 

Francolin, Chinese, 65 

Francolinus pintadeanus pintadeanus, 65 

Fratercula arctica, 227 

Fregata, 396 
ariel, 37 
magnificens, 36, 249 
minor, 37 

Fregetta grallaria, 36 

Frigate-bird, Great, 37 
Lesser, 37 
Magnificent, 36, 249 

Fulica americana, 59, 248, 341 

Fulmar, 68, 69 

Fulmarus glacialis, 68 


G 


Gadwall, 72, 179-181, 183 
Galbula ruficauda, 85 
Gallinula chloropus, 250 
Gallinule, Common, 250 
Purple, 250 
Garganey, 183 
Garrulux perspicillatus, 66 
Gavia arctica, 327 
stellata, 327 
Geococcyx californianus, 288 
Geothlypis semiflava, 257 
trichas, 382, 283 
Geotrygon montana, 252 
Geranospiza caerulescens, 77 
caerulescens nigra, 77 
caerulescens balzarensis, 77 
Glaucidium brasilianum, 126, 255 
Glyphorhynchus spirurus, 87 
spirurus sublestus, 87 
spirurus pectoralis, 87 








410 THE CONDOR 


Gnatwren, Long-billed, 99 
Gnatcatcher, Tropical, 99 
Goates, Wayne A., and Behle, William H., breed- 
ing biology of the California gull, 235 
Goldeneye, Barrow, 341, 404 
Goldfinch, American, 71, 193, 375, 384 
Goose, Canada, 239, 322, 328, 336 
White-fronted, 322, 328, 336 
Goshawk, 141, 322, 328, 335, 337 
Gould, Patrick J., specimen of parula warbler 
from southern California, 210 
Grackle, 208 
Boat-tailed, 252 
Common, 400 
Grallaria fulviventris dives, 93 
perspicillata, 93 
Grassquit, Blue-black, 107, 250, 260 
Yellow-faced, 105-107 
Grayson, Andrew Jackson, painting of Gila 
woodpecker, opp. 3 
Grebe, Horned, 322, 327 
Least, 249 
Pied-billed, 249-254 
Red-necked, 322, 327 
Greenlet, Gray-headed, 100, 256 
Tawny-crowned, 100 
Grosbeak, Black-faced, 105 
Black-headed, 375, 382-384, 391 
Blue-black, 105 
Evening, 70 
Pine, 334, 374, 375, 379, 380 
Slate-colored, 105 
Ground-chat, 126 
Ground-Cuckoo, Rufous-vented, 79 
Grouse, Black, 177 
Blue, 128, 129, 137 
Ruffed, 8, 9, 67, 128, 177 
Sage, 131, 132, 137, 269 
Sharp-tailed, 128-130, 177 
Spruce, 329 
Grus americana, 396 
canadensis, 329 
canadensis tabida, 141 
Gull, Bonaparte, 322, 331, 332, 336 
California, 235, 238-245, 332 
Common, 322, 331, 332 
Franklin, 252 
Glaucous, 68, 322, 330, 336 
Glaucous-winged, 62, 310, 332 
Herring, 68, 238 
Ivory, 68 
Sabine, 68 
Western, 62, 242 
Gullion, Gordon W., miscellaneous bird records 
from northeastern Nevada, 70; two records 
of unprovoked attack by golden eagles, 
210; precocial strutting in sage grouse, 269 
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Gullion, Gordon W., and Christensen, Glen C., 
a review of the distribution of gallina- 
ceous game birds in Nevada, 128 
Gygis alba, 37 
alba microrhyncha, 37 
Gymnocichla chiroleuca nudiceps, 248 
nudiceps chiroleuca, 91 
Gymnogyps amplus, 61 
californianus, 59, 61, 63 
Gymnopithys leucaspis olivascens, 92 
Gymnostinops montezuma, 102, 257 
Gypohierax angolensis, 76 


H 


Haliaeetus leucocephalus, 59, 63 
Habia gutturalis discolor, 103 
gutturalis fuscicauda, 104 
Halcyon smyrnensis fusca, 65 
Hamerstrom, Frances, the influence of a hawk’s 
appetite on mobbing, 192 
Harrier, Marsh, 65 
Pied, 65 
Hartman, Frank A., some additions to nesting 
data on Panamanian birds, 269 
Hawk, Common Black, 76 
Cooper, 23, 160, 194, 341 
Marsh, 160, 322, 328 
Mexican Black, 143 
Red-shouldered, 158, 160 
Red-tailed, 160, 192-194 
Roadside, 76, 250 
Rough-legged, 70, 322, 328 
Savanna, 250 
Sparrow, 60, 62, 348 
Heliothrix aurita, 85 
barroti, 85 
Henicorhina leucosticta tropaea, 98 
prostheleuca, 98 
Hermit, Little, 83 
Long-tailed, 82, 253 
Heron, Chinese Pond, 65 
Green, 76 
Little Blue, 76, 400 
Herpetotheres cachinnans, 250 
cachinnans cachinnans, 77 
Hesperiphona vespertina, 70 
Heterospizias meridionalis, 250 
Hight, Gordon L., Jr., and Norris, Robert A., 
subspecific variation in winter populations 
of savannah sparrows: a study in field 
taxonomy, 40 
Hirund-apus caudacutus, 65 
Hirundo daurica, 66 
rustica, 66, 256, 333 
Honeycreeper, Blue, 81 
Green, 100, 103 
Red-legged, 101 
Shining, 101 
Hoopoe, 65 
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Howell, Thomas R., birds of a second-growth 
forest area of Nicaragua, 73 
Howell, Thomas R., Cade, Tom J., and Barthol- 
omew, George A., torpidity in the white- 
throated swift, Anna hummingbird, and 
poor-will, 145 
Hummingbird, Allen, 118, 151, 152 
Anna, 118, 145, 149-154, 207 
Blue-chested, 84 
Broad-tailed, 383 
Calliope, 375, 382, 384 
Estella, 151 
Ruby-throated, 193 
Rufous, 69 
Rufous-tailed, 84, 253 
Scaly-breasted, 83 
Scintillant, 270 
Snowy-breasted, 270 
Violet-headed, 83 
Humphrey, Philip S., remarks on the courtship 
and voice of the black scoter, 139 
Hylocichla guttata, 380, 382, 383 
minima minima, 333 
mustelina, 340 
ustulata, 336, 380 
Hylophilus decurtatus, 99, 256 
decurtatus decurtatus, 100 
decurtatus pallidus, 100 
ochraceiceps ochraceiceps, 100 
ochraceiceps pallidipectus, 100 
Hylophylax naevioides capnitis, 93 


I 


Icterus mesomelas, 102, 257 
prosthemelas, 257 
prosthemelas prosthemelas, 102 

Ictinia plumbea, 76 

Iridoprocne albilinea, 256 
albilinea albilinea, 97 
bicolor, 332, 384 

Ixoreus naevius meruloides, 333 


J 


Jacamar, Rufous-tailed, 85 
Jacana jacana, 251 
jacana hypomelaena, 251 
spinosa, 250, 251 
spinosa spinosa, 250, 251 
Jacana, Middle American, 250 
Jaeger, Long-tailed, 322, 330 
Parasitic, 68, 322, 330 
Pomarine, 37, 68 
Jay, Blue, 193 
Canada, 322, 333, 335, 378 
Scrub, 199 
White-tipped Brown, 97, 106, 256 
Johnston, Richard F., selection and emberizine 
distraction display, 266 
Jollie, M., avian anatomy and the anatomist, 394 
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Junco oreganus, 141, 378-380, 383, 384 
Junco, Oregon, 141, 375, 378-380, 383, 384 


K 
Kestrel, 65 
King, Joseph E., and Pyle, Robert L., observa- 
tions on sea birds in the tropical Pacific, 27 
Kingbird, Eastern, 54, 193 
Tropical, 81, 95, 106, 250, 254 
Kingfisher, African Half-collared, 226-228 
Amazon, 85, 217-222, 224-228 
Belted, 217, 223, 227, 336 
Chinese Pied, 65 
European, 223 
Green, 85, 217, 220, 222, 227, 254 
Half-collared, 220, 222, 227 
Ringed, 220-222, 226, 227 
White-breasted, 65 
Kinglet, Golden-crowned, 375, 379, 380 
Ruby-crowned, 209, 374, 375, 379, 380 
Kiskadee, Great, 250, 253, 255, 258 
Kite, Black-eared, 65 
Black-winged, 65 
Gray-headed, 76 
Plumbeous, 76 
Swallow-tailed, 76 
White-tailed, 156-165 
Kittiwake, 68 
Klais guimeti merrittii, 83 
Knorr, Owen A., communal roosting of the 
pygmy nuthatch, 398 
Knot, 72 


L 


Lagopus lagopus alascensis, 329 
Lampornis castaneoventris, 270 
Lanius ludovicianus, 23 
schach, 66 
Lark, Horned, 144 
Larus argentatus, 238 
californicus, 37, 235, 245, 33 
canus, 332 
canus brachyrhynchus, 332 
glaucescens, 310, 332 
hyperboreus, 68, 332 
hyperboreus barrovianus, 330 
occidentalis, 242 
philadelphia, 332 
pipixcan, 252 
Laterallus albigularis, 250 
exilis, 77 
melanophaius, 78 
melanophaius cinereiceps, 78 
Legatus leucophaius, 254 
Leopold, A. Starker, and McCabe, Robert A., 
natural history of the Montezuma quail 
in Mexico, 3 
Lepidocolaptes souleyetii, 108, 254 
souleyetii compressus, 88 


me 
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Leptodon cayanensis, 76 
Leucophoyx thula, 343, 400 
Leucosticte atrata, 71 
tephrocotis, 71 
tephrocotis littoralis, 71 
Limpkin, 247 
Lobipes lobatus, 330 
Longspur, 144 
Lapland, 323, 335 
Loon, Arctic, 322, 327, 337 
Red-throated, 322, 327 
Lophodytes cucullatus, 341 
Lophortyx californica, 11, 65, 133 
gambelii, 23, 135 
Loxia curvirostra, 71 
Lyrurus tetrix, 177 


M 


Macaw, Scarlet, 78 
Mackay, R. H., movements of trumpeter swans 
shown by band returns and observations, 
339 
Macrosphenus, 100 
Magpie, 59, 60, 62, 63, 66 
Black-billed, 70 
Malacoptila panamensis, 85, 254 
panamensis fuliginosa, 85 
panamensis inornata, 85 
Mallard, 72, 178-185, 322, 328, 336 
Hawaiian, 185 
Manacus candei, 93, 94 
manacus, 178 
vitellinus, 94 
Manakin, Blue-backed, 178 
Brown, 178 
Gould, 178 
Lance-tailed, 178 
Red-capped, 93 
Thrush-like, 94 
White-collared, 93 
Yellow-thighed, 178 
Mandarin, 263 
Mango, Green-breasted, 83 
Manucodia, 177 
Mareca americana, 248, 328 
Martin, Brown-chested, 255 
Gray-breasted, 97, 255 
Purple, 247 
McCabe, Robert A., and Leopold, A. Starker, 
natural history of the Montezuma quail 
in Mexico, 3 
McKinnon, Robert S., and Tomlinson, Jack T., 
pigeon wing-beats synchronized with 
breathing, 401 
Meadowlark, 208 
Eastern, 126 
Medina, Don R., and Moore, Robert T., a record 
of the slaty finch for Honduras, 67; the 
status of the chachalacas of western Mex- 
ico, 230 
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Megaceryle alcyon, 336 
Megarynchus pitangua, 254 
Melanerpes erythrocephalus, 193 
Melanitta deglandi, 328 
nigra americana, 139 
nigra nigra, 140 
Meleagris gallopavo, 17 
Melophus lathami, 64, 66 
Melospiza georgiana ericrypta, 209 
lincolnii, 382-384 
lincolnii gracilis, 209 
melodia, 43, 141, 193, 266, 382-384 
Merganser, American, 343 
Common, 342, 343 
Hooded, 341 
Red-breasted, 343 
Mergus merganser, 342 
serrator, 343 
Mewaldt, L. Richard, and Farner, Donald S., 
translocated golden-crowned sparrows re- 
turn to winter range, 268 
Microbates, 100 
Microchera albo-coronata parvirostris, 84 
Microrhopias quixensis virgata, 90 
Miller, Alden H., migratory flight of a zonotrichia 
at 10,000 feet above ground level, 209; re- 
view of Audubon Western Bird Guide by 
Richard H. Pough, 403 
Miller, Loye, bird remains from an Oregon Indian 
midden, 59 
Milvus lineatus, 65 
Molcthrus ater, 116 
Monroe, Morgan, hummingbird killed by frog, 69 
Mocre, Robert T., and Medina, Don R., a record 
of the slaty finch for Honduras, 67; the 
status of the chachalacas of western Mex- 
ico, 230 
Mossman, Archie S., hooded mergansers at Afog- 
nak Island, Alaska, 341 
Motacilla alba alboides, 66 
Motmot, Blue-throated Green, 223 
Green, 223 
Mountain-gem, White-throated, 270 
Murrelet, Ancient, 142, 143 
Myadestes townsendi, 142 
Myiarchus tuberculifer, 255 
tuberculifer nigricapillus, 95 
Myiobius barbatus, 90, 96 
barbatus aureatus, 96 
Myiodynastes luteiventris luteiventris, 95 
Myiozetetes granadensis, 95, 255 
granadensis granadensis, 95 
similis, 95, 223, 254, 255 
similis texensis, 95 
Mynah, Black-necked, 66 
Crested, 66 
Long-crested Jungle, 66 
Myres, M. T., clutch size and laying dates in cliff 
swallow colonies, 311 
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Myres, M. T., Cowan, I. McT., and Udvardy, 
M. D. F., the British Columbia nest records 
scheme, 308 

Myrmeciza exsul exsul, 92 

Myrmotherula axillaris, 254 

fulviventris, 90, 96 
fulviventris costaricensis, 90 
N 

Neomorphus geoffroyi salvini, 79 

Nesofregetta albigularis, 36 

Nighthawk, Common, 126 

Trilling, 151, 152 

Nightjar, Ridgway, 126 

Salvin, 126 
Spotted-tailed, 124-127 
Noddy, Blue-gray, 37 
Common, 37 
White-capped, 37 

Norris, Robert A., and Hight, Gordon L., Jr., sub- 
specific variation in winter populations of 
savannah sparrows: a study in field tax- 
onomy, 40 

Notharchus macrorhynchos hyperrynchus, 85 

Nucifraga caryocatactes, 305 

columbiana, 297, 378-380 

Numenius phaeopus, 329 

Nuttallornis borealis, 380 

Nutcracker, Clark, 72, 297-306, 374, 375, 378-380 

Nuthatch, Pygmy, 398 

Red-breasted, 375, 379, 380 
Nyctea scandiaca, 332 
Nyctidromus albicollis, 81, 126, 153 

albicollis intercedens, 81 


Oo 


Oceanites gracilis, 68 
oceanicus, 68 
Oceanodroma castro, 36 
furcata, 69 
leucorhoa, 36, 151 
melania, 36 
Oidemia nigra americana, 328 
Old-squaw, 322, 328, 336 
Olor buccinator, 339 
columbianus, 327 
Onychorhynchus mexicanus fraterculus, 96 
Oporornis tolmiei, 210, 382-384 
Oreortyx picta, 11, 135 
Oreotrochilus estella, 151 
Oriole, Baltimore, 405 
Black-cowled, 102, 257 
Black-naped, 66 
Hooded, 72 
Vellow-tailed, 102, 257 
Oriolus chinensis, 66 
Orcpendola, Chestnut-headed, 257 
Montezuma, 102, 257 
Ortalida wagleri, 233 
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Ortalis garrula cinereiceps, 77 
garrula frantzii, 77 
leucogastra, 230 
poliocephala, 230-233 
poliocephala griseiceps, 231-234 
poliocephala lajuelae, 230-233 
poliocephala poliocephala, 230-233 
poliocephala wagleri, 231, 233 
ruficrissa, 230 
vetula, 230-232 
vetula deschauenseei, 231 
vetula intermedia, 231 
vetula jalapensis, 230 
vetula leucogastra, 231, 232 
vetula mccalli, 231, 232 
vetula pallidiventris, 231 
vetula plumbiceps, 231 
vetula vallicola, 231 
vetula vetula, 230, 232 
wagleri, 232, 233 

Orthotomus, 100 
sutorius, 66 

Oryzoborus crassirostris, 107 
funereus, 107, 260 
nuttingi, 106, 107 

Osprey, 60, 144 

Otus asio, 62 
flammeolus, 142 

Ouzel, Pale, 402 

Owl, Barn, 79 
Flammulated, 142 
Ferruginous Pygmy, 126, 255 
Horned, 23, 62, 144, 322, 326, 332, 335, 348 
Screech, 60, 62 
Short-eared, 322, 332 
Snowy, 332 
Squammulated Wood, 126 
Striped, 80, 81 


P 


Pachycephala pectoralis, 182 
Pachyramphus cinnamomeus, 254 
polychopterus cinereiventris, 94 
Pagophila alba, 68 
Parakeet, Crimson-fronted, 78, 252 
Orange-chinned, 78 
Parrot, Blue-headed, 252 
Mealy, 252 
Red-lored, 79 
White-crowned, 252 
Partridge, Chukar, 133, 134, 137, 141 
Hungarian, 16, 17, 130, 131 
Parula americana, 210 
Parus atricapillus, 70, 193, 209 
atricapillus turneri, 333 
bicolor, 348 
gambeli, 378-380 
inornatus, 213 
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Passer domesticus, 112, 193, 276 
montanus, 66 
Passerculus sandwichensis, 40, 50, 141, 266 
sandwichensis anthinus, 334 
sandwichensis labradorius, 40-42, 45-48, 50, 
51 
sandwichensis mediogriseus, 40-42, 44-48, 51 
sandwichensis nevadensis, 40-42, 44—48, 51 
sandwichensis oblitus, 40-42, 44-48, 51 
sandwichensis savanna, 40-42, 44-48, 51 
Passerella iliaca, 382 
iliaca zaboria, 335 
lincolnii, 336 
melodia, 199 
Passerherbulus caudacutus, 40 
Passerina amoena, 383 
cyanea, 193 
Pauraque, 81, 126 
Paynter, Raymond A., Jr., rough-winged swal- 
lows of the race stuarti in Chiapas and 
British Honduras, 212 
Paynter, Raymond A., Jr., and Alvarez del Toro, 
Miguel, blue and white swallow in Mexico, 
268 
Pedioecetes phasianellus, 128, 177 
Pelecanus occidentalis, 37, 249, 399 
Pelican, Brown, 37, 249, 399 
White, 144 
Penelope poliocephala, 233 
Penguin, Galapagos, 399 
Penttila, Harte E., and Wick, William Q., obser- 
vations on a coot-muskrat relationship, 341 
Perdix perdix, 17, 131 
Perisoreus canadensis, 378 
canadensis pacificus, 333 
Petrel, Ashy, 144 
Bulwer, 36 
Cook, 36 
Fork-tailed, 69 
Gould, 36 
Hawaiian, 27, 35 
Herald, 35 
Kermadec, 35 
Leach, 151 
Phoenix, 35 
Tahiti, 27, 35 
Petrochelidon fulva, 268, 345, 346, 353, 355, 357, 
359, 360, 362 
fulva cavicola, 345 
fulva citata, 345 
fulva coronata, 345 
fulva fulva, 353, 356, 357 
fulva pallida, 345, 353, 356-360 
pyrrhonota, 310 311, 347, 353, 355, 357, 359, 
360, 361 
pyrrhonota melanogaster, 347, 360 
pyrrhonota tachina, 347, 356-358, 360 
rufocollaris, 346 
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Pewee, Tropical, 95, 255 
Western Wood, 375, 382, 384, 391 
Phaenostictus mcleannani saturatus, 93 
Phaeochroa cuvierii maculicauda, 83 
cuvierii roberti, 83 
Phaeoprogne tapera, 255 
tapera fusca, 255 
Phaéthon aethereus, 36 
lepturus, 36 
rubricauda, 36 
Phaethornis guy, 175 
longuemareus, 175 
longuemareus saturatus, 83 
malaris, 82 
ruber, 175 
superciliosus, 82, 175, 253 
superciliosus cephalus, 82 
superciliosus longirostris, 82 
Phalacrocorax, 59 
auritus, 62, 343 
Phalaenoptilus nuttallii, 145, 212 
nuttallii californicus, 150 
Phalarope, Northern, 322, 330 
Red, 37, 68 
Phalaropus fulicarius, 37, 68 
Phasianus colchicus, 135, 176 
colchicus torquatus, 65 
torquatus, 17 
Pheasant, Eared, 177 
Cheer, 177 
Ring-necked, 16, 17, 65, 130, 135, 176 
Pheucticus melanocephalus, 382-384 
Phillins, Allan R., and Webster, J. Dan, the Vaux 
swift in western México, 140 
Phlceoceastes guatemalensis, 87 
Phlogothraupis sanguinolenta aprica, 103 
Piaya cayana, 252 
cayana thermophila, 79 
Pica, 59, 63 
pica, 66, 70 
Picoides arcticus, 380 
Piculus rubiginosus, 87 
Pigeon, 394, 395, 401 
Scaled, 78, 108, 252 
Pale-vented, 252 
Pinicola enucleator, 334, 379, 380 
Pintail, 72, 179-183, 248, 322, 328, 340 
Kerguelen, 185 
South American, 184, 185 
South Georgia, 185 
Pionus menstruus, 252 
senilis, 108 
Pipilo erythrophthalmus, 195, 197, 200, 201 
erythrophthalmus canaster, 200 
erythrophthalmus erythrophthalmus, 340 
erythrophthalmus megalonyx, 195-197, 200, 
201 
erythrophthalmus montanus, 402 
fuscus, 197, 199, 348 
maculatus, 213 
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Pipit, Meadow, 309 
Pipra erythrocephala, 94, 178 
mentalis, 94, 178 
mentalis mentalis, 93 
Piranga erythromelas, 193 
ludoviciana, 378-380 
Pitangus sulphuratus, 250, 253, 255 
sulphuratus guatimalensis, 95, 255 
sulphuratus rufipennis, 255 
Pitylus grossus saturatus, 105 
Platyrinchus coronatus superciliaris, 96 
Plover, Black-bellied, 336 
Collared, 252 
Golden, 37, 322, 329, 336 
Mountain, 144 
Semipalmated, 142, 322, 329, 336 
Plumeleteer, Dusky, 84 
Pluvialis dominica, 37 
dominica fulva, 329 
Pocoyo, 81 
Podiceps auritus cornutus, 327 
dominicus, 249 
grisegena holbollii, 327 
Podilymbus podiceps, 249 
podiceps antarcticus, 249 
Polioptila plumbea superciliaris, 99 
Pooecetes gramineus, 40 
Poor-will, 145, 149-154, 212 
Porphyrula martinica, 250 
Porter, Richard D., and Bushman, John B., char- 
acteristics and status of the solitary sand- 
piper in Utah, 203 
Porzana carolina, 267 
flaviventer, 250 
flaviventer woodi, 250 
Procelsterna cerulea, 37 
Procnias tricarunculata, 272, 273 
Progne chalybea, 255, 268 
chalybea chalybea, 97 
subis hesperia, 247 
Psaltriparus minimus, 96, 142 
Psilorhinus mexicanus, 256 
mexicanus cyanogenys, 97 
Ptarmigan, Willow, 322, 329 
Pterodroma alba, 35 
cookii, 36 
heraldica, 35 
leucoptera, 36 
phaeopygia, 35 
phillipii, 35 
rostrata, 35 
Ptercglossus torquatus torquatus, 85 
Puffbird, Whiskered, 254 
White-necked, 85 
White-whiskered, 85 
Puffin, 227 
Horned, 144 
Puffinus assimilis, 35 
gravis, 68 
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griseus, 35 
lherminieri, 35 
nativitatis, 35 
opisthomelas, 35 
pacificus, 35 
puffinus newelli, 402 
tenuirostris, 68 
Pycnonotus aurigaster resurrectus, 66 
sinenis, 66 
Pyle, Robert L., and King, Joseph E., observa- 
tions on sea birds in the tropical Pacific, 27 


Q 
Quail, California, 11, 65, 133, 134, 136 
Gambel, 23, 135-137 
Mearns, 3, 8 
Montezuma, 3-23 
Mountain, 11, 135, 136 
Ocellated, 3, 7 
Quail-Dove, Ruddy, 252 
Querquedula cyanoptera, 398 
discors, 398 
Quiscalus quiscula versicolor, 400 


R 


Rail, Clapper, 144, 267 
Gray-necked Wood, 77 
Rallus limicola, 267 
longirostris, 267 
phillipsi, 267 
prentici, 267 
Ramphastos sulfuratus, 87 
sulfuratus brevicarinatus, 85 
swainsonii, 87 
Ramphocaenus melanurus, 100 
melanurus rufiventris, 99 
rufiventris, 100 
Ramphocelus costaricensis, 258 
icteronotus, 258, 259 
passerinii, 258, 259 
passerinii passerinii, 103, 258 
Raven, 59, 62, 70, 322, 333, 395, 396 
Redpoll, 323, 334 
Common, 71 
Redwing, 103, 365-370 
Regulus calendula, 379, 380 
calendula cineraceus, 209 
calendula grinnelli, 209 
satrapa, 379, 380 
Rhinoptynx clamator, 80, 108 
clamator forbesi, 81 
Richmondena cardinalis, 208 
riparia, 325 
riparia riparia, 333 
Ripley, S. Dillon, the display of the sickle-billed 
bird of paradise, 207; another record of 
the shearwater Puffinus puffinus newelli, 
402 
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Rissa tridactyla, 68 
Roadrunner, 288 
Robin, 193, 194, 322, 333, 375, 379, 380, 382-384, 
390 
American, 256 
Clay-colored, 99, 250, 256, 258 
Robinson, Gerald, observations of pair relations 
of white-headed woodpeckers in winter, 
339 
Roest, Aryan I., observations on birds of central 
Oregon, 141 
Rogers, Harold E., and Wick, William Q., an un- 
usual merganser fatality, 342 
Rollin, Noble, incubation by drake wood duck 
in eclipse plumage, 263 
Ross, R. Dudley, and Emery, Ruth, P., a bobo- 
link in southern California, 69 
Ryder, Ronald A., avian-pinniped feeding asso- 
ciations, 68 


S 


Salt, George William, an analysis of avifaunas in 
in the Teton Mountains and Jackson Hole, 
Wyoming, 373 

Saltator coerulescens grandis, 104 

maximus, 259 
maximus magnoides, 104 
Saltator, Buff-throated, 104, 259 
Grayish, 104 
Sandpiper, Common, 65 
Least, 322, 329 
Solitary, 78, 203-206, 322, 329, 336 
Spotted, 78, 204 
Western, 322, 329 
Sapsucker, Williamson, 70 
Yellow-bellied, 211, 375, 

Sarcoramphus papa, 76 

Saxicola torquata, 64, 66 

Scaup, Lesser, 248 

Schiffornis turdinus, 178 

turdinus verae-pacis, 94 

Scoter, American, 140, 336 

Black, 139, 140, 322, 328 
White-winged, 322, 328 
Seedeater, Black, 259 
Variable, 105, 107, 259 
White-collared, 105, 248, 259 
Seed-Finch, Nicaraguan, 106, 107 
Thick-billed, 107, 260 
Seiurus noveboracensis notabilis, 334 
Selander, Robert K., and Baker, James Kenneth, 
the cave swallow in Texas, 345 
Selasphorus alleni, 120 
floresii, 120 
platycercus, 120, 121, 383 
rufus, 69 
sasin, 118-122, 151, 152 
scintilla, 270 

Semioptera wallacei, 175 


382, 384, 391 
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Shearwater, 402 
Black-vented, 27, 35 
Christmas, 27, 35 
Dusky, 35 
Greater, 68 
Slender-billed, 68 
Sooty, 35 
Wedge-tailed, 27, 35 
Shoveller, 72, 179, 181, 183, 328 
Cape, 185 
Northern, 248 
South American, 184 
Shrike, Loggerhead, 23 
Rufous-backed, 66 
Sialia currucoides, 384 
mexicana, 142 
Sibley, Charles G., the evolutionary and taxo- 
nomic significance of sexual dimorphism 
and hybridization in birds, 166 
Siskin, 374, 375, 378, 380 
Sitta canadensis, 379, 380 
neumayer, 182 
pygmaea, 398 
tephronota, 182 
Skua, Great, 37 
Skutch, Alexander, life history of the Amazon 
kingfisher, 217 
Skylark, Lesser, 65 
Slud, Paul, Cape May warbler in Central Amer- 
ica, 340; cattle egret in Costa Rica, 400 
Snipe, Wilson, 322, 329, 375, 382 
Snowcap, 84 
Solitaire, Townsend, 142 
Spadebill, Golden-crowned, 96 
Sparrow, Black-throated, 290 
Brewer, 290 
Chinese Tree, 66 
Chipping, 141, 257, 375, 378-380, 384 
English, 193, 276, 281, 289, 290 
Fox, 323, 335, 375, 382 
Golden-crowned, 141, 209, 210, 268, 269, 323, 
335 
Grasshopper, 40, 49, 126 
Green-backed, 107, 260 
Harris, 71, 209, 404 
House, 112, 113, 116 
Leconte, 40, 49 
Lincoln, 209, 336, 375, 382-384 
Orange-billed, 107 
Petén, 126 
Savannah, 40-51, 141, 266, 323, 334 
Song, 43, 141, 193, 209, 266, 375, 382-384 
Swamp, 209, 272 
Tree, 323, 335 
Vesper, 40, 49 
White-crowned, 141, 269, 276, 290, 336, 369, 
375, 382-384 
White-throated, 368, 369 
Spatula clypeata, 249, 328 
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Spheniscus mendiculus, 399 
Sphyrapicus thyroideus, 70 
varius, 211, 382, 384 
varius varius, 211 
Spinetail, Slaty, 88, 254 
Spinus pinus, 378, 380 
tristis, 71, 193, 384 
Spizella arborea ochracea, 335 
breweri, 290 
passerina, 141, 257, 378-380, 383, 384 
Spodiornis rusticus barrilesensis, 67 
rusticus rusticus, 67 
rusticus uniformis, 67 
Sporophila americana, 260 
aurita, 105, 259-261 
aurita aurita, 259, 260 
aurita corvina, 105, 259-261 
aurita ophthalmica, 260 
corvina, 260 
torqueola, 259, 260 
torqueola morelleti, 105, 248, 259, 260 
Spot-bill, 183 
Starling, 142, 214, 364-371 
Steatornis, 361 
Stebbins, Robert C., a further observation on 
torpidity in the poor-will, 212 
Stelgidopteryx ruficollis, 213, 320 
ruficollis fulvipennis, 213 
ruficollis ridgwayi, 213 
ruficollis serripennis, 213 
ruficollis stuarti, 213 
ruficollis uropygialis, 97 
Stellula calliope, 382, 384 
Stercorarius longicaudus, 330 
parasiticus, 68, 330 
pomarinus, 37, 68 
Sterna fuscata, 37 
hirundo, 142, 252 
paradisaea, 68, 244, 332 
Stewart, James R., black swan in kelp off south- 
ern California, 400 
Sthenelides, 268 
Stonechat, Chinese, 66 
Storm-petrel, Black, 36 
Elliot, 68 
Leach, 27, 36 
Madeiran, 27, 36 
White-bellied, 36 
White-throated, 27, 36 
Wilson, 68 
Stott, Ken, Jr., a first record of the cattle egret 
in Peru, 143 
Streptopelia chinensis, 65 
orientalis, 65 
risoria, 369 
Streptoprocne zonaris, 25 
Sturnella magna, 126 
Sturnus nigricollis, 66 
vulgaris, 66, 142, 364 


st 
w 
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Sula dactylatra, 37 
leucogaster, 37, 249 
nebouxii, 37 
sula, 37 
Sun-Bittern, 400 
Surf-bird, 322, 329 
Swallow, Ashy Wood, 66 
Bank, 322, 333 
Barn, 66, 256, 322 
Blue and White, 97, 268 
Cave, 345-363 
Cliff, 310, 311, 314, 316, 347, 352, 353, 355, 
356, 358, 359, 362 
Mangrove, 97, 256 
Rough-winged, 97, 212, 213, 220, 223 
Tree, 322, 332, 336, 375, 384 
Violet-green, 336, 337 
Swan, Black, 400, 401 
Trumpeter, 337 
Whistling, 322, 327 
Swift, Black, 82 
European, 145, 151 
Gray-rumped, 82, 253 
Spine-tailed, 65 
Vaux, 81, 140, 141 
White-chinned, 82 
White-collared, 253 
White-throated, 145-148, 151-154 
Synallaxis brachyura, 254 
brachyura nigrofumosa, 88 
Synthliboramphus antiquus, 142 


© 


Tachycineta thalassina, 336 

Tachyphonus delattrii, 104 
delattrii longirostris, 104 
luctuosus axillaris, 104 
rufus, 259 

Tailor-bird, 66, 100 

Talley, George M., common grackle in Utah, 400 

Talmadge, Robert R., nesting of the ruffed grouse 

in California, 67 

Tanager, Blue-gray, 103, 258 
Crimson-collared, 103 
Golden-masked, 257, 258 
Gray-headed, 104 
Masked, 100, 103 
Palm, 258 
Red-throated Ant, 103 
Scarlet, 193 
Scarlet-rumped, 103, 258 
Tawny-crested, 104 
Western, 375, 378-380, 391 
White-lined, 259 
White-shouldered, 104 
Yellow-rumped, 258 
Yellow-winged, 103 

Tanagra gouldi praetermissa, 102 
luteicapilla, 102 
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Tangara chrysophrys, 258 
cyannicollis, 258 
cyannicollis cyanopygia, 258 
fanny, 257 
franciscae, 257 
guttata, 258 
gyrola, 258 
larvata, 257, 258, 261 
lavinia, 258 
nigro-cincta, 109, 257, 258, 261 
nigro-cincta larvata, 103 
punctata, 258 
Tangavius aeneus, 257 
Taraba major melanocrissus, 90 
Teal, Baikal, 183, 184 
Blue-winged, 72, 179-181, 183, 248, 398 
Brazilian, 184 
Cape, 185 
Chestnut-breasted, 184 
Cinnamon, 179-181, 183, 184, 398 
Falcated, 183 
Green-winged, 72, 179-181, 183, 322, 328 
Hottentot, 185 
Madagascan, 185 
Ringed, 184 
Versicolor, 184 
Yellow-billed, 184 
Terenotriccus erythurus fulvigularis, 96 
Tern, Arctic, 68, 244, 322, 332 
Black, 252 
Crested, 37 
Common, 142, 252 
Noddy, 399 
Royal, 252 
Sooty, 27, 37 
White, 37 
Tetrao urogallus, 177 
Thalasseus bergii, 37 
maximus, 252 
Thalurania furcata townsendi, 84 
furcata venusta, 84 
Thamnophilus doliatus intermedius, 90 
punctatus atrinucha, 90 
Thick-knee, Mexican, 126 
Thorne, Oakleigh, II, rufous-sided towhee in 
Colorado, 340 
Thrasher, Brown, 70 
Curve-billed, 276, 279, 282, 289, 290 
Thraupis abbas, 103 
episcopus, 258 
episcopus diaconus, 103 
palmarum, 258 
Thripadectes rufobrunneus, 270 
Thrush, Black-faced Laughing, 66 
Gray-cheeked, 323, 333, 336 
Hermit, 374, 375, 380 
Swainson, 336, 375, 380, 382, 383 
Varied, 323, 333, 335 
Wood, 340 
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Thryomanes bewickii, 213 
Thryothorus leucotis, 256 
maculipectus, 98 
maculipectus petersi, 98 
maculipectus umbrinus, 98 
maculipectus varians, 98 
modestus, 256, 261 
modestus elutus, 256 
nigricapillus costaricensis, 97 
rutilus, 98 
rutilus hyperythrus, 98 
rutilus paucimaculatus, 98 
thoracicus, 98 
thoracicus thoracicus, 97 
zeledoni, 256, 261 
Tiaris olivacea pusilla, 105 
Tilapia heudeloti, 179 
natalensis, 179 
Tinamou, Boucard, 126 
Great, 126 
Tinamus major, 126 
Titmouse, Plain, 213 
Tufted, 348 
Tityra semifasciata, 94 
semifasciata costaricensis, 95 
semifasciata personata, 94, 95 
Vityra, Masked, 94 
Todd, W. E. Clyde, Acadian flycatcher, a new 
bird for British Columbia, 211 
Todirestrum cinereum, 255 
cinereum finitimum, 96 
sylvia schistaceiceps, 96 
Tedy-Flycatcher, Common, 96 
Slate-headed, 96 
Tolmomyias sulphurescens cinereiceps, 96 
Tomlinscn, Jack T., and McKinnon, Robert S., 
pigeon wing-beats synchronized with 
breathing, 401 
Torgos, 396 
Toucan, Chestnut-mandibled, 87 
Keel-billed, 85 
Towhee, Brown, 197, 348 
Rufous-sided, 340, 401 
Spotted, 195-197, 199-201, 213 
Toxostoma curvirostre, 276 
rufum, 70 
Tree-hunter, Streak-breasted, 270 
Tringa hypoleucos, 65 
solitaria, 203 
solitaria cinnamomea, 203-206, 329 
solitaria sclitaria, 78, 203-206 
Troglodytes aedon, 193, 384 
musculus, 256 
musculus intermedius, 98 
troglodytes, 70 
Trogon massena massena, 85 
rufus, 85 
rufus tenellus, 85 
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violaceus braccatus, 85 
violaceus concinnus, 85 
Trogon, Black-throated, 85 
Slaty-tailed, 85 
Violaceus, 85 
Tropic-bird, Red-tailed, 36 
White-tailed, 36 
Turdus assimilis, 109 
casius, 256 
grayi, 99, 109, 250, 256-261 
megas, 99 
merula, 308 
migratorius, 193, 256, 379, 380, 382-384 
migratorius migratorius, 333 
pallidus, 402 
Turkey, Wild, 16, 17 
Turnstone, Ruddy, 37 
Tympanuchus cupido, 177 
Tyranniscus vilissimus, 255 
vilissimus parvus, 97 
Tyrannulet, Paltry, 97, 255 
Yellow, 96 
Tyrannus melancholicus, 250, 254 
melancholicus chloronotus, 95 
tyrannus, 54, 193 
Tyrant, Long-tailed, 95, 254 
Tyto alba guatemalae, 79 
alba pratincola, 79 


U 


Udvardy, M. D.F., Myres, M. T., and Cowan, I. 
McT., the British Columbia nest records 
scheme, 308 

Upupa epops longirostris, 64, 65 

Uroaétus audax, 396 


Vv 


Veniliornis fumigatus sanguinolentus, 87 
Vermivora celata, 333 
celata celata, 333 
Vireo antiloquus, 256 
flavoviridis, 256 
gilvus, 383, 384 
olivaceus, 256 
Vireo, Warbling, 72, 375, 383, 384, 391 
Yellow-green, 256 
Volatinia jacarina, 250, 260 
jacarina splendens, 107 
Vulture, Black, 76, 108, 249 
King, 76, 108 
Palm-nut, 76 
Turkey, 59, 62, 76, 108, 160, 250 


Ww 
Wagtail, Pied, 66 
Yellow, 336 
Warbler, Audubon, 210, 374, 375, 378-380, 391 
Bay-breasted, 268 
Black-polled, 323, 334, 335 
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Cape May, 340 
Chinese Fan-tailed, 66 
Myrtle, 323, 333-335 
Orange-crowned, 72, 323, 333-335 
Parula, 210 
Pileolated, 72, 209, 210, 323, 334, 336 
River, 102 
Tolmie, 210, 375, 382-384 
Townsend, 72, 209, 210 
Yellow, 101, 210, 323, 333, 334, 336, 375, 382, 
384 
Water-thrush, Northern, 323, 334, 336 
Waxwing, Bohemian, 70 
Cedar, 193 
Webster, J. Dan, and Phillips, Allan R., the Vaux 
swift in western Mexico, 140 
Wetmore, Alexander, the classification of the os- 
cine passeriformes, 207; a fossil rail from 
the pliocene of Arizona, 267 
Whip-poor-will, 124, 125 
Common, 125 
Whistler, 182 
White-eye, South China, 66 
Wick, William Q., and Penttila, Harte E., observa- 
tions on a coot-muskrat relationship, 341 
Wick, William Q., and Rogers, Harold E., an un- 
usual merganser fatality, 342 
Widgeon, American, 179 
Chiloe, 184 
European, 181, 183, 184, 404 
Willet, 252 
Williams, Laidlaw, and Davis, John, irruptions 
of the Clark nutcracker in California, 297 
Williamson, Francis S. L., hybrids of the Anna 
and Allen hummingbirds, 118; ecological 
distribution of birds in the Napaskiak area 
of the Kuskokwim River delta, Alaska, 317 
Wilsonia pusilla, 210 
pusilla pileolata, 209, 334 
Wing, Wallace’s Standard, 175 
Woodcreeper, Barred, 87 
Buff-throated, 88 
Streak-headed, 88, 254 
Wedge-billed, 87 
Woodnymph, Blue-crowned, 84 
Woodpecker, Arctic Three-toed, 380 
Black-cheeked, 86, 87, 254 
Downy, 142, 193, 332 
Gila, opp. 3, 72, 276, 290 
Golden-olive, 87 
Hairy, 374, 375, 379, 380 
Lineated, 87, 254 
Pale-billed, 87 
Pileated, 208 
Red-headed, 193 
Smoky-brown, 87 
White-headed, 337 
Wood-Wren, White-breasted, 98 








420 THE CONDOR 


Wren, Bay, 97 
Bewick, 213 
Cactus, 55, 57, 274, 276, 278-281, 283, 285- 
288, 290-295 
Cane-brake, 256 
Canyon, 142, 348 
House, 55, 193, 287, 384 
Long-billed, 287 
Long-billed Marsh, 55 
Plain, 256 
Song, 99 
Southern House, 98, 256 
Spot-breasted, 98 
Stripe-breasted, 97 
Winter, 70 
Yucatan Cactus, 53-57 
Wren-tit, 213 


xX 
Xema sabini, 68 
Xenops minutus, 90, 91 
minutus mexicanus, 90 
minutus ridgwayi, 90 
Xenops, Plain, 90, 91 
Xiphorhynchus guttatus costaricensis, 88 
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Y 


Yellowthroat, 375, 382, 383 
Gray-crowned, 102 
Olive-crowned, 257 
Yocum, Charles F., breeding record of pintail in 
Humboldt County, California, 340 


Z 


Zarhynchus wagleri, 257 
Zenaidura macroura, 193 


Zimmerman, Dale A., some remarks on the be- 
havior of the Yucatan cactus wren, 53; 
spotted-tailed nightjar nesting in Veracruz, 
Mexico, 124 

Zonotrichia albicollis, 368 

atricapilla, 141, 268, 335 

coronata, 209, 210 

leucophrys, 141, 209, 276, 290, 336, 382-384 
leucophrys nuttalli, 369 

querula, 71, 209 


Zosterops simplex, 66 
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Water, $6.00.—H. H. T. Jacxson, U.S. National Museum, Washington 25, D.C. 


SEE THE Birps Better THis Curistmas—Order one of our pre-tested instruments, all guaran- 
teed by our repair shop to be in alignment to U.S. Government tolerances and free of defects; 3 grades 
at different prices; 6 models adapted by us for special ornithological study. Send now for list with 
quality analysis of Bausch and Lomb and imported binoculars. Binoculars may be purchased as 
Christmas Gifts on trial until January 10. If you already have a glass, let us check it for you before 
the Christmas Bird Census; most repair jobs may be completed within a week. We answer questions 
personally. If you have a binocular problem, let us help you solve it—Tue Reicuerts, Mirakel 
Optical Co., 14 W. First St., Mount Vernon 15, N.Y. 


Brrp Watcuinc Tours or Mexico—“We saw four species of motmots, three species of toucans, 
four species of trogons and seven species of parrots and parakeets, plus 277 other kinds of birds, on 
one 13-day tour of our second series of Mexican tours last spring.” Write for circular about the 1958 
tours——Ernest P. Epwarps, Houston Museum of Natural History, Box 8175, Houston 4, Texas. 


WantTEep—Sets of those forms of Honey Creeper (Cyanerpes cyaneus) which lay “black” eggs; 
1931 A.O.U. Check-list; and correspondence with oologists familiar with the Mearns Quail, White- 
tailed Ptarmigan, Common Sandhill Crane, Yuma Rail, Frazrr Oystercatcher, Gray Jay, Pink-sided 
Junco, and Harris Sparrow.—Downatp J. NicHotson, 1224 Palmer St., Orlando, Fla. 


For Sate—The “Tiny Tucker” Hummingbird Feeder, with instructions for use, $1.15, postpaid. 
An ideal Christmas gift for bird-lovers. Profits from sales are used in maintaining this wildlife sanc- 
tuary—Tucker Birp Sanctuary, Box 53, Star Route, Modjeska Canyon, Orange, Calif. 


For Sate—Marshall, Summer Birds of the Rincon Mountains, Saguaro National Monument, 
Arizona, reprint with color plate of the Olive Warbler from Condor, vol. 58, pp. 81-97, $1.00, post- 
paid—Tuomas R. Howett, Assistant Business Manager, Cooper Ornithological Society, Dept. Zo- 
ology, Univ. Calif., Los Angeles 24, Calif. 


For SALE—Japanese “mist” nets, suitable for capturing birds and bats alive and unharmed for 
banding purposes. Send for price list —Wit11aM B. Davis, Box 254 Faculty Exchange, College Station, 
Texas. 

Wantev—Adult male Peregrine Falcon scientific study skin and mounted specimen. Any reason- 
able price will be paid for these two specimens in good condition for use at our institution—HEnry 
E. Cuuxps, Jr., Cerritos College, Norwalk, Calif. 


Free—Thorne, Differences between the Common House Finch and Cassin Purple Finch of the 
Genus Carpodacus (Bull. No. 3), and A Solenoid Mechanism for Springing Bird Traps (Bull. No. 4). 
—OAKLEIGH THORNE, II, Thorne Ecological Research Station, 1707 Hillside Rd., Boulder, Colo. 


For Sate—An Annotated Bibliography of North Dakota Ornithology, paper cover, $1.00, post 
paid —Wriuam F. Rapp, Jr., 430 Ivy Ave., Crete, Nebr. 





PREPARATION OF MANUSCRIPTS FOR THE CONDOR 


Articles published in the Condor normally are written by members of the Cooper 
Ornithological Society. Practically all the Society’s money goes into the journal; no 
editor or business manager receives any pay other than the satisfaction of doing a service 
worthily. The preparation of good copy by the author will contribute greatly to accu- 
racy of published output, dispatch in handling, and economy of production. 


To be acceptable for inclusion in the Condor, articles must not duplicate in any 
substantial way material that is published elsewhere. Any type of subject bearing on 
birds may be considered; but the geographic areas of primary concern are western 
North America, Central America, and the Pacific Basin. Manuscripts may be sent to 
the editors at the Museum of Vertebrate Zoology. Proofs with edited manuscripts will 
be sent to authors, at which time reprints may be ordered. 


In the interests of accuracy and economy, observe the following: do not duplicate 
data in text, tables, or charts; check citations to original sources and verify text refer- 
ences; quoted statements must be exact replicas of the original; use vernacular names 
applicable to the entire avian species (for a guide in this regard, consult the A.O.U. 
Check-list of North American Birds, Fifth Edition, 1957; insert scientific names for 
species but not the subspecific name except in taxonomic papers or where the race con- 
cerned has been critically determined by the author or his collaborators on the basis of 
specimens; revise the manuscript repeatedly to remove superfluous words and phrases, 
immaterial detail, and repetitious statements. 


Note Condor style and usage. “General Articles” and the “Field and Study” items 
are set up in different form. Provide a concise, meaningful title, and, where needed, 
subtitles within the text. Footnotes are not used. The address line may serve to indicate 
institutional connection, and to it should be added the date of transmittal of the manu- 
script. Terminal bibliographies are usually desirable where five or more titles are to be 
cited; otherwise, the references may be included in the text. For bibliographic style, 
note closely the practices employed in recent volumes of the journal. A factual summary 
is recommended for longer papers. 


Rules for copy.—(1) Typewrite material, using one side of paper only; (2) double 
space all material and leave liberal margins; (3) use 814 X 11 inch paper of standard 
weight (avoid onion skin); (4) carbon copies are not acceptable; (5) place tables on 
separate pages and plan them to fit normal page width; (6) number pages in upper 
right hand corner. 


Illustrations.—Photographs should be glossy prints of good contrast. Make line 
drawings with India ink; plan linework and lettering for at least 14 reduction; do not 
use typewritten labels on the face of the drawing. Provide typed legends on separate 
sheets. 


Helpful references on writing: Manual of Style, University of Chicago Press, and 
Rules of the Editorial Committee, University of California Press. On scientific nomen- 
clature: Fifth Edition of the A.O.U. Check-list, The Distribution of the Birds of Cali- 
fornia (Pac. Coast Avif. No. 27), and The Distributional Check-list of the Birds of 
México, Parts I and II (Pac. Coast Avif. Nos. 29 and 33); authors are not required to 
follow the nomenclature of these works. 





